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This In'jiliso has Immmi written for those interested in the fahrieation, 
iiu'iehiUHlisin^ and applic'ation of hituminous jwodiiets. It embraces: 
(1) nu'thods serving: g^iiid(‘ for the works chemist engaged in tc'sting 

and analyzing rav; and manufact lin'd produets; (2) data for assisting 
th(' I’etiiH'iy or factory supc'rintendent in blending and compounding 
mixtures; (3) information ('iiabling the ambitious salesman to enlarge 
liis knowk'dge eoneerning tl)(' scop(' and limitations of tlu^ articles he 
\('i'(ls; and (1) the princijik's underlying the practical application of 
bituminous ] noduets for structural jmrjiosi's, of interest to the engineer, 
contraetor and ai’chi1('et. Siibjc'et-matter of sole value to the technical 
man has been segregated in Part V, “Methods of Testing,” excepting 
th(' outliiK' of the “diemisirv of Bituminous Substances” appearing in 
(diaptc'r 111. 1'hes(' si'cta ns, howevi'r, may bi' passed over by the non- 
t('(‘hnical man, without inti'ih'iing mati'rially with the continuity of the 
work. 

In vi('w of tlu' vast amount of ground covered in this volume, and 
fully n'alizmg tlu' limitations of his jiroticic'iKfy in somi' of its branches 
and ramifications, tlu' author has taki'ii it U))on himsi'lf to draw fredy 
fiMii conti'mporary text-books and journal articles. In siuT instances, 
his ('udeavor lia,s bi'cn to iilaei' du(' cn'dit where it belongs, by referring 
to till' source' of such ('xtraiK'ous information. Neverthi'k'ss, there has 
b('('n inclu(l('(l a substantial amount of original data aecumulated by 
tlu' author during tlu' past ninete'e'ii ye'ars, most of which ai)i)ears in print 
h('rein for the' first time. 

Topics which havi' Ih'I'ii ably pri'senti'd in other reference books, 
as for example the ti'chnology of pavements, ('tc., have purposely been 
suboielinated to those' conee'inmg which little data has hitherto been 
available. To the' latter belong such subjects as petroleum asphalts; 
fatty-acid pit,ch('s; bituminizt'd roofings, floorings and other fabrics; bitu- 
minous paints, eenu'nts, varnislu's a.nd japans. 

('ertain branclu's of the indiishy Inwe developed along difTerent lines 
in iMirope than has Ix'i'n the casi' in this country, especially the tre^V 
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ment of peat and lignite (Chapter XV), also pyrobituminous shales 
(Chapter XVI), In such instances, the methods in vogue abroad before* 
the great war are described with more or less detail. It must be 'borne 
in, mind in this connection, that the war has materially interfered with 
the prosecution of these industries abroad, and the data presented should 
be so construed, even though not specifically stated in the text. 

Wliereas the greatest pains have been taken to establish the accuracy 
of every assertion, as well as the authenticity of every alleged fact, 
the author docs not flatter himself that he has escaped the pitfalls which 
must perforce beset the path of a writer who undertakes to delve into a 
subject as complicated as the one under consideration, concerning which 
there arc so many divergent views. 

Appreciation is expressed for the valuable suggestions and assistance 
rendered by W. A. Hamor, D. R. Steuart, Prdvost Hubl)ard, S. R. Church, 
E. B. Cobb, David Wesson, Clifford Richardson, S. C. Ells, and the 
author’s immediate associates. 

Hekbert Abraham. 

New York City, July 1, 1918. 
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\SPHALTvS AND ALLIED SUBSTANCES 


PART I 

GENERAL CONSIDERATIONS 


CHAPTER I 
HISTORICAL REVIEW 

Origin of the Words ** Asphalt ** and ** Bitumen. ” The term as- 
phalt ” may be traced back to Babylonian times. It was later adopted 
by the Homeric Greeks in the form of the adjective n, signifying 

“firm,” “stable,” “secure,” and the corresponding verb d<r^aXi(«, 
meaning “ to make firm or stable,” “ to secure.” It is a significant fact 
that the first use of asphalt by the ancients was in the nature of a cement 
for securing or joining together various objects, and it thus seems likely 
that the name itself was expressive of this application. From the Greek, 
the word passed into late Latin, and thence into French (“ asphalte ”) 
and English (“ asphalt ”). * 

The expression “ bitumen ” originated in the Sanskrit, where we find 
the word “jatu-krit,” meaning “pitch creating,” “pitch producing” 
(referring to coniferous or resinous trees). 1 he Latin equivalent is claimed 
by some to be “ gwitfi-men ” (pertaining to pitch), and by others, “pix- 
tumens ” (exuding or bubbling pitch), which was subsequently shortened 
to “ bitAmen,” thence passing via French into English. 

Use of Asphalt by the Sumerians (about 3000 to 2600 B.C.) The 
earliest recorded use of asphalt by the human race was by the pre-Baby- 
lonian inhabitants of the Euphrates Valley. These people, known as 
Sumerians, were skilled in carving and decorating stone, as. evidenced by 
the varied and interesting specimens of pottery and statuary unearthed 
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in recent years. In certain of these we find shells or bits of stone cemented 
in place by means of asphalt. 

In 1903-4, Dr. E. J. Banks, while excavating at Adah (known also as Bismya) 
between the Euphrates and Tigris llivers in Syria, discovered a marble statue of 
Lugalniaudu, King of Adab (Fig. 1), one of the early Sumerian rulers, who lived 
about 3000 b.c.* An inscription reveals the name of the city of Adab. The eye- 
sockets are hollow, and still show the presence of asphalt, indicating that they were 
once inlaid with some substance, probably ivory or mother-of-pearl. The statue 
is now on exhibition at the Ottoman Museum in Constantinople/* 



From “The CivUiaation of Babylonia and Assyria, ” J. B. I.ippinrotl Co. 

Fig. 2.— Human-Headed Bull (3000 b.c.) with Shells Inlaid in Asphalt. 


Another statute (Fig. 2) originating aliout the same time (3000 b.c.) known as 
the “Human Headed Bull," is comtMxsed of black steatite, inlaid with small yellow 
shelb imitating streaks, and held in place with asphalt. Many of the shells are intact, 
gripped firmly by the asphalt throughout fifty centuries of time and exposure, thus 
furnishing evidence of its remarkable adhesiveness and durability. This statue is 
now at the Louvre, Paris.* 

t**Th« CivilUation of Babylonia and Assyria,” by Morris Jastrow Jr., pp. 394-9. J. B. Lip- 
pineott Co, PhUa.. 1915. 

*”BlsmySi” by E. J. Banks, p. 191. 

*Fondation Eug4o« Piot, “Monumenta ei M6moires," by Ernsat I^roux Paria Vol. VI 
1809 : alao Vol. VII, 1900. 
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^ interesting specimen of Sumerian art was excavated at Lagash, near the mouth 
61 the Euphrates, insisting of a sculptured votive offering dating back to Eutemena 
ruler or 80 -^ed Patesi ” of Shirpula (2850 b.c.). This bean* as an inscription, thi 
heraldic device of Lagash. by means of which we are enabled to fix its date and origin. 
The tablet is an artificial composition of clay and asphalt (Fig. 3). It is also on 
exhibition at the Louvre.^ 

The bust of an early Sumerian ruler, Manishtusu. King of Kish (about 2600 b.c.) 
was found in the course of excavations at Susa, in Persia, whence it is supposed to 
have been carried by an Elamite conqueror in the twelfth century n.c.* In describing 


From "The Civilization of Dabylonia and Auyria," J. B. I.ip|)incott Co. 
Fig, 3. — Heraldic Device of Jjagash (28.50 b.c.) Cast in Asphalt. 



this statue, M. de Morgan .state.s: '"the eyes, composed of white limestone, once 
ornamented with black pupils now fallen off, are held in their orbits with the aid of 
bitumen; the face appears rough; the beard and hair are of conventional design; 
as regards the inscription, it is engraved in lineal cuneiform characters of the most 
ancient style. ” (Fig. 4.) The original is at the Louvre. 

Another relic, known as the Libation Vase” (Fig. 6) is composed of green 
steatite, carved in the form of strange mythical monsters, the effect of which is 
heightened by incrusted little shells set in asphalt, to represent the scaly backs of 

‘ Fondatioo EugAne Rot, " Monuments ei M^moires,” by Ernest I.croux, Paris, Vot. I, 1894. 

* " MSmoires de la IMldgation cn Perse," piibltshed under the direction of M. de Morgan, Vol. II, 
1900, Plate IX; Vol. X, 1908, Plate I, published by Ernest Ixtroux, Paris; also Compfes ffsfMhM 
ds rAcadtmit d'/nscn'pfums, July 1907, pp« 398-9, Figs. 1 and 2 , by M. de Morgan. 
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winged serpents. The serpent was supposed to represent the emblem of the god 
Ninghhitda, to whom the accompanying inscription shows the vase to be dedicated 
by Gudea, ruler or Patesi of Lagash (2500 b.c.). This is considered one of the 
bes^ specimens of Sumerian sculpture, and represents the height of Sumerian art 
It is also at the Louvre. ‘ 



From “The Cinlization of Babylouia and Assyria, ’* J. B Lippincott Co. 

Fig. 4, — Bust of Manishtusu, King of Kish (2600 b.c.) with Eyes Set in Asphalt. 

Use of Asphalt by the Early Persians (about 2800 to 2600 B.C.). A 
number of specimens of Persian sculpture involving the use of asphalt 
were exacvated at Susa in the province of Susiana, Persia, by M. J. de 
Morgan’s expedition of Paris.* These are in an excellent state of preser- 

1 ** DSoourertM en ChaldSe”; alio "Catalogue dei AntiquitSi ChaldSeonei du MuiSe Ni-. 
Uonal du Louvre," by Heniey, Paris, 1902, No. 125. 

> " M^moiree— IMlSgatioQ ea Pene," published under the direction of J. de Morgan, Vol. 
XIII, "RScherchea ArohAologiquee CinqulSme Side de I'Epoque Arohatque," by £dm. Pettier, 
publiihed by Ernect Leroui, Paris, 1912. 
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vation, and by the inscriptions and characteristic ornamentation are sup- 
pbsed to have originated between 2800 and 2500 b.c. 


Fig. 6 shows various small animals oarve<l of alabaster having the eyes cemented 


in place with asphalt; Fig. 7, two decora t«l vases 
composed wholly of asphalt; and Fig. 8, a sctilp- 
ture of an animal in primitive form, hewn from 
a mass of asphalt. The French chemist, Henry 
Le Chatelicr, analyzed some of the asphalt, and 
found it to consist of the following: ‘ 

Moiflturo, 2.8 pcT cent; asphalt, 24.4 per oent; wax, 
1 0 per rent, mineral matter. 71.2 per cent. The mineral 
matter was composed of. calcium carlionate, 45 2 per cent; 
calcium sulphate, 3.5 per cent, calcium phosphate, 0.8 per 
cent; iron, aluminium and silicon oxides, 2t 7 per cent. 

This is conclusive proof that the asphalt is a 
natural product composed of 2o per cent asphjilt 
and 75 per cent mineral matter, similar to the 
material obtained in the loc.tility at the present 
day. (See p. 126.) 



From** The Civiliution of Baby Ionia 
aod Anyria," J. 11. Lippincott Co. 

Fio. 5.— Libation Vase Deilicatod 
to Gudea, Ruler of Lagash 


rr (2500 B.C.), Showing Shells Set 

Use of Asphalt by the Early Egyptians Asphalt. 

(about 2600 B.C.). The ancient Egyptians 

used asphalt for pre.servinK their dead rulers, by wrapping the IxKlies 
in cloth and coating them with liquid or melted a.sphalt. I'he remains 


are known as “ mummies/’ and at one period this word was syn- 



From ** M^moiraa de la D6l^gation en Perac," by Edm. Puttier. 
Fig. 6.— -Early Persian Sculpture with ICyes Set in Asphalt. 


onymous with “ asphalt.” Tlic oldest mummies in existence concern- 
ing which we have authentic data, date back to the Sixth Egyptian 
Dynasty (about 2500 b.c.). The oldest specimens include the mummy of 
Seker-em-sa-f, unearthed at Sakkarah in 1881, and exhibited at Giza, 
near Cairo,^ and the mummy of King Merenr6, now at the Boulak Museum, 
Cairo, 3 

»'*K«moiwa.'’ Vol. XIII, p. 162. 

• **The Mummy,” by E. A. WalUa Budge, pp. 184, Cambridge Utiivanity PreM, 1I0S. 

*'* Natural Rock Aaphalta and Bitumena,** by Arthur Daoby, pp. 41, New York, ISIS. 
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ASPHALTS AND ALLIED SliaSTANCES 


Use of Asphalt in BibUcal Times (2600 to 1600 B.C.)- Some contend 
it Noah U8^ asphalt in the construction of the Ark (Genesis VI, 14). 

The Biblical text reads, that it was 
treated with “ pitch " within and 
without: “biturainabis earn bitumi- 
nac ” (Vulgato). There is some 
doubt as to whether this referred to 
asphalt, as pine pitch was known 
at the time, and might very well 
have been used for this purpose. If 
asphalt was actually used, the date 
would be fixed at approximately 2500 
B.C., which is usually assigned to the 
Deluge. 

We find numerous other references in 
the scriptures to substances corresponding 
to what we now know to be asphalt. The Book of (lencsis (XI, 3) in describing 
the building of the Tower of Babel (aliout 2(XX) n.r.) states. . . , “and they had 
brick for stone, and slime had they for mortar." There seems to be no question 
but that the so-called “slime" alludes to asphalt, since the word translated as “slime" 
in the English version, occurs as d(T<pa\To% in the Septuagint, and as “bitumen" in 
the Vulgate. In Genesis (XIV, 10) we are informed that the Vale of Siddim “was 



Prom *'M6moire» de la Df^lC'gation en Perse,” by Edni. Pettier 

Fig. 8. — ^Primitive Animal Carved from Asphalt. 

full of s/tmepits," referring no doubt to exudations of liquid asphalt. Moreover, it 
ifl pointed out by certain authorities that the area described as the Vale of Siddim 
corresponds to our present Dead Sea, from which asphalt is still obtained. (See 
p. 135.) 

Again we are told (Exodus II, 3) that in constructing the basket of bulrushes 
in which Moses was placed, it was daubed “with slime and with pitch.’* This took 
place about 1600 n.c. (“Septuaginta Interpretes,” Tischendorf). 

Use of Asphalt by the Babylonians (700 to 600 B.C.). The Babylonians 
were well versed in the art of building, and each monarch commemorated 



From ''M^molree de la IV^gation 
en PerHj',” by Ediii. Pottn>r. 

Fig. 7. — Persian Va.ses Hewn from 
Blocks of Asphalt. 
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his reign and perpetuated his name by constructing some vast engineering 
work. Certain kings built rotulways, others built retaining walls to 
impound the waters of the Euphrates, and still others mighty battlements 
and palaces. The facts were indelibly recorded by inscriptions on the 
bricks used for the purpose, many of whicli are still in existence. 

The following inf^rription oonirring on the hricks of the Ro-onllfNl “Sargeon Wall" 
of Babylon, built by King Sargeon who ruled 710 to TOT) n.r., Iimh l)een translated 
by Delitzsch: ‘ 

“To Mardiik, (ho (Ireat I/)rtl, the divine Creator, who inha)>its l^aagila, the 
Ix)rd of Babil, hw lord Sargeon, the mighty king, King of the land of Awair, 
King of all, governor of Babil, King of SuintT and Akkad, the nourisher of Knagila 
and Ezida. To build Iniurg-Bol was hi.i desire; he eauwed burnt brick of pure 
Kirrt (?) to Ik' struck, built a kfir (?) w'ith tar and ajiphali on the Hide of the IshtoT 
CJate to the bank of the Euphrates in (he depth of (he winter, and foumled 
Inigur-Bel and Nimitti-lkd mountain high, firm u|)on it. This work may Marduk, 
the great Lord, graciously liehold, and grant Sargeon, (he prince who cherishes him, 
life! Like the foundation stone of the Sacred C'ity, may the years of his reign 
endure.” 

This revealed the use of asphalt as a cement for joining together bricks. Modem 
e.xcavations indicate that this method was used quite generally, as will Ik? descnlied 
in greater ilotail later, “Imgur-liel” was the name given to the inner wall of 
Babylon, and “Nimitti-Bel” to the outer. 

Of all the Babylonian rulers, Nebuchadnezzar, who reigned (>04 to 501 n.r., was 
the most progre.ssive, and is stated to have reconstnicted the entire city. The 
bricks Ixire inscriptions relating to his work, and several refer sjiecifically to the 
use of asphalt. One found in the so-<‘all<‘d “Procession Street” which led from 
his palace to the North wall, reads as follows (Translation by Weissbach, Kolde- 
wey, p. 54): 

“ Ncbuchailnezzar, King of Babylon, he who made lOsaglia and Kzida glorioUB, 
son of NalKipolaKsar, King of Babylon 'Phe .streets of Babylon, the Procession 
Street of Nabil and Marduk, my lonls, which NalM>|K)lassar, King of Babylon, the 
father who la'got me, had made a road gltHtening with ajiphall and burnt bricks; 
I, the wi.se suiipliant who fears their lordships, phwxal alm'c the hUuvmi and burnt 
brick.s, a mighty su|K*rs(ruc(uro of shining dust, made them sinmg within with 
bitumen and burnt bricka as a high-lying road. Nabu and Marduk, when you 
traverse these stn'cts in joy, may iK'iictits for me rest uiK>n your lijis; life for distant 
days, and well-lK-ing for the IwKly. IMorc you I will advance uixin them. May 
I attain eternal age!” 

This would seem to lx? the forerunner of the prescnt-<lny pavement composed 
of stone blocks set in asphalt. It seems strange that the art should have lieeome 
lost to mankind, only to l>e rwliscovcred in the nineteenth century a.I). According 
to Nebuchadnezzar, his father, Naliojxilassar (62.5 604 n.r.) is credited to have laid 
the first asphalt block pavement of which we have any record. 

The most comprehensive relic left by Nebuchadnezzar is known as the “Large 
Inscribed Stone Tablet” (sometimes referred to as the “East India House Inscrip- 

> "The ExcavfttioDfl at Babylon," by Robert Koldewey, pp. 13S, Maemillan & Co , Ltd , London, 
1014. 
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lion”), which contains a detailed account of his building aclivities A Iranslation 
by Delitzsch reads in part as follows ((’olumn 7, lines 34 cl scq.)-. 

“ In Babil, my favorite city tliat 1 love, vvius the palaci', the house, the marvel 
of, mankind, the center of the land, the dwelling of majesty, upon the BabiJ place 
in Babil, from Imgur-Bel to the eastern canal Libil-Higalla; from the bank of the 
Euphrates to Aibursabu, which Nabopolassar, King of Babylon, my father, my 
begetter, built of crude hncks, and dwelt in it. In consequence of high waters, 
its foundations had become weak, and owing to the filling up of the streets of 
Babil, the gateway of that palace had become too low. I tore down its walls 
of dried hnek, and laid it.s corner-stone bare, and reached the depth of the waters. 
Fa(;ing the water, I laid its foundation firmly, and raised it mountain high with 
hilumcn and burnt brick. Mighty cedars, I cau-sed to be laid down at kaigth for its 
roofing. . . . For protection, I built two mas.sivc walls of (Uiphall and brick, 
400 ('lls beyond Nimitti-Bel Betwi'Cn them I erected a structure of bricks on 
which I built my kiiiKly ilwelhng of aapbidt and bricks This 1 surrounded with a 
massive wall of as)>haU and burnt bricks, and made upon it a lofty foundation for 
my royal dwelling of asphalt and burnt bricks.” 

It thus afipivirs that Nebuchadnc'zzar profiteil by the c.xperience of his father, 
and instead of building a retaining wal' if dried clay bricks w’hich had failed to 
hold back the lOuphrate.s, due to its lack of waterproof jiroperties, he resorted to 
the us(‘ of burnt bricks and asphalt, as originally practiced by Sargcoii, and ajipa- 
rently with satisfactory results. 

Koldewey’s investigations (p. 31) indicate that the method of constructing walls 
in Babylonian times con.si.sted in laying in rotation, first a course of bricks, then 
a layer of asphalt, then a layer of clay and then another course of bricks The 
Joints III each cour.se were com|)o.sed of asphalt and clay. In every fifth course, 
the clay was nqilaced by a matting of reeds. This matting is now entirely rotted 
and gone, but its impression is clearly n‘cognizable in the asphalt. An attempt to 
separate' the' course's to prevent adhesion is thus apiiare'iil, but the reason is not 
obvious. Onlv in one locidity ('Pemple of Borsipjia) does it appear that asphalt has 
been u.sed in direct contact with the bricks, where tlu'y still hold togi'ther in a 
firm mass, 

h is probable' that the a.sphalt used by the Ikdiylonians was dervied from springs 
similar to the' ones still found in Me'sopotamia, of which Fig. 9 is a typical example' 

Fig. 10 shows the' prese'iit appearanes' of the brick tleior of Nebue-haelnezzar's 
d'hrone Hall, Babylon, looking towarels the Euphrates. 'I'he burnt brie'ks bearing 
the name of Nebiichaelnezzar (of which one is shown in the feircgrounel) were laiel 
in H.sphalt, and are still so firmly jointeel together to-day, that it is impossible to 
part them without elestroying their integrity.' 

About 460 B.C. -Herodotus of Persia. The Persian nerodotiis in 
his “Historiarum,”- published about 450 b.c., refers to several sources of 
Persian asphalt. In describing the springs of the Island of Zante, he 
writes: I have myself seen the pitch drawn up out of a lake, and from 
water in Zacynthus; and there are several lakes there; the largest of them 
was 70 ft. every way and 2 orgyoc in depth; into this they let down a 


^National Geographic Magazine, Feb., 1016, 19 , pp. 130 and 151. 
* Vulunif I, Kiiito, p I 111, .111(1 (’lio 179, alao Vulumo IV, p 195 
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pole with a myrtle branch fji^tened to the end, and then drew up the pitch 
adhering to the myrtle; it has the smell of asphalt: but is in other res|X'cls 
Ix^tter than the pitch of l*ieria." Herodotus also merit iotis the fact that 
lumps of asphalt are carried down by the water’s of the Is, which discharp^‘S 
into the Euphrates at the City of Is, aliout eiglit days’ journey from Baby- 
lon. It is probable that the (’itv of Is refiTied to by Hero<lotus corrc- 
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I roin I.iKht oil Oic oiij IcHfnii ciil, ’ by I’rof. A. T. Clny. 

Fk;. 0, ' Asphalt Spring in Mr.sepotaiiuii. 

spends to the pn’sent city of Hit, where bitumen is still found in con- 
sideral)le quantiti('s. {S<‘e p. 12().) 

IIcro(l()tu> abo stale'' “ \t Ardencr'a near Susa is a well which produros throe 
(IifToroiit s!il)staiicos. siticc asphalt, salt aiul oil are <lrawn up from it, . . . It ii8- 
•^umos tho ''0 ditforont forms- the a,-ph .'t and the salt immo<hatolv liocomo solid, 
hut the oil thc\ collect and the Por''ians rail it Hhadmanco ; it is black and 
emits a strorm odor,” At Mam m the* province of Susiana in Persia, aaphalt is 
still collected in this rnide manner Henxlotus waa the first to dert(!ril)e ixtrolcum, 
of which he states an occurrence existed at Kirab, Persia. 

About 430 B.C. Xenophon of Greece, The Creek Xenophon (about 
430 B.C.) in his work “Anabasis” ' describes a wall built in Media com- 
po.sed of burnt bricks laid together in hot asphalt as the cementing medium. 
This apparently is similar to the method of construction used at Babylon. 

> Book It, C'h.ipliT IV, Section 12. 
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ASPHALTS AND ALLIED SUBSTANCES 


About 400 B.C.— Hippocrates of Greece. The Greek philosopher and 
physician Hippocrates, in his treatise " On Airs, Waters and Places,” 
refers to several of the asphalt deposits already mentioned. 

• About 360 B.C.— Aristotle of Greece. Aristotle refers to “ Asphalt ” 
in his works ^ and describes the well-known Albanian deposits still found 
on the eastern shore of the Adriatic Sea (see p. 90). 



Copyright by Undorwood & Under wooti, N. Y. 

Fig. 10. — Floor of Nebuchadnezzar’s Temple as it Apfjcars To-day, Showing Blocks 
Joined by Means of Asphalt. 

About 260 B.C.— Hannibal of Carthage. Hannibal, who lived in 
Carthage about 250 b.c., is given the credit of having used asphalt, and 
possibly also mineral oils in compounding the so-called “Greek Fire” 
(“ Igme VestcE ”). This was used in warfare, and was claimed to burn so 
fiercely that even water would not extinguish it. 

»“De Mirabilibus Au8CuUationibu.<»," Chapter CXXVH. Edition of F, Didot, 1857, 
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About 80 B.C.— Diodorus Siculus of Sicily. The historian Diodorus 
Siculus of Sicily,^ upon referring to a pectiliar manifestation which occurred 
in the Dead Sea, informs us that large masses of asphalt became detached 
from the bottom, and on account of the unusual amount of salt in the 
water, floated to the surface, forming small islands. Diodorus states fur- 
ther that liefore the apix^arance of the asphalt, a very strong odor was 
noticeable which darkened copjX'r, silver and other metals. 'I'liis was 
undoubtedly the result of volcanic action or eartluiuake .'<hock. He also 
refers to the fact that in constructing the walls of the ('ity of Media, the 
stones were cemented together with jusphalt, as previously noted by 
Xenophon. Diodorus states that the natives gather asphalt from the 
Dead S(*a and carry it to I'^vpt where they sell it to those who make* a 
profession of embalming bodies, lKM*aus(* “without tlu* mixture' of this 
material with other aromatics, it would Ik' diflicult for them to pri'sc'rve 
these for a long tmu' from the corruption to which the'y are' liable'.” 

About 30 B.C. Strabo of Greece. Strabo, who also hve'el about this 
time (.St) in his book the' “ ( le'ographica re'fe'rs to the* same' mani- 

fe'station, in which the* surface' of the' De'ael Se'a suelele'uly be'canie' ve'iy much 
disturbe'el and large' mas.-^e's eif asphalt fle)ate'el te) the' surfae'e*. Strabo 
re-|K)rts that the asphalt whie'h rose' to the .surfae*e‘ first ap|)e'are'el in a 
ineilte'ii ce)nelitie)n but soeni sohehfie'el. He' also me*nlie)ns an oi*e'urr(‘ne‘e' 
e)f asphalt in Ilabylein, e-le)>e‘ tee the' Hive'r iMiphrate's, probably the' same 
as previously ele'scnbe'd by othe-rs. 

About 26 B.C, Marcus Vitruvius of Rome. The architect, Marcus 
Vitruvius, who live'el abemt the' time' eif ('hri.st, alsei re'peirte'el the' jire'se'iu'e' 
of asphalt in the* ne'ighborhoeiel e>f Babylon, which he elescribe's as being eif 
a liejuid consistency. 

We have similar ae'e'ounts fremi other write'rs who live'd in the first 
century, inclueling the' (Ire'e'k Plutarch,* Flavius .Jei.se'plius the Homan, 
'lacitus of Itome',*’ aiiel others. 

About 60 A.D. Dioscorides of Greece. In his book I'lititle'e! “ Materia 
Medica ” we finel an ae'ciirate* ele'.vcription of the occurre'iice eif asphalt in 
the Dead Sea, referreel to by him as Lair He; alsei elescriU's 

a compound of pitch anel a.sphalt terme'el “pi.ssa.sphaltum”^ He aeleis that: 

* " Ribhothf’cs," Book XVI, Chiipt«T 40, Bt,ok I. e II. Chaptfr XXIX AUo "IIiHe I'tnvfrw," 
Book VI, t XIX, riiapf.r XXV 

* Volume XV'I, Chaptf-rs I, II, and XII, Volunu* I, Chaptfr XVU, Frftifh tniUMlation by 
Caaal, XI p fiG5. 

•"De Arrhitectura,” V'olumf VIII, Chiiptfr III 

* " Life of Sylla ” 

‘“Jewish AntiquieK's,'' Book I, (’hapters l\ and XX, also “Jewish Wars," Book IV. 

‘“The llistoiies," Volume V, p «» 

’■‘.Materia .Mediea,” I, 10t>, V. XIX, OS. Kohit l.ifa«iiie, ISL’O, Saiaeeii, l.VJS 

•“Materia Mediea," 1, ItW 
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“the name MUmia ia given to the drug called ‘Bitumen of Judea,’ and to the 
MOmta of the tombs found in great quantities in Egypt, and which is nothing more 
than a mixture which the Byzantine Greeks used formerly for embalming their 
de^id, in order that the bodies might remain in the state in which they were buried, 
and experience neither decay nor change Bitumen of Judea is the substance which 
is obtained from the As])haltite Lake ...” 

About 100 A.D. Pliny the Elder of Rome. Pliny the Elder of Home, in 
his treatise “Natural is Historia” written jihoiit the year ICO a.d.,' makes 
the interesting observation that “ Heal asphalt must be glossy and black, 
otherwise it is adulterated with pitch.” He thus appears to have under- 
stood the ditT(‘rence between aspludt which occurred naturally, and adulter- 
ated mixtures containing pine pitch. He notes - that the Homans were in 
tlif* habit of coating their ijuages with asphalt to protect them from the 
w('ath(‘r. This corres[)onds to the pr(‘sent day use* of asphalt |)aints for sim- 
ilar purposes, I’liny describes the use of asphalt for medicinal purposes 
and rcTommends it for curing boils, inflammation of the eyes, coughs, 
asthma, blindness, epilepsy, etc. It was sold extensively under the name 
“ Mummy,” and we are informed that the asphalt so used was actually 
scraped from the mummies taken from lombs. Its alleged curative proper- 
ties were explaiiu'd by the fact that it pre.scrved the dead for so many 
centuri(\s. 

About 1300 A.D.— Marco Polo of Venice. Marco Polo at the end of 
the thirteenth century described seepages of liquid asphalt at liaku on 
the ('aspian Sea.*^ He also mentioned the existence of an ancient fire 
temple erected about flaming streams of gas and oil, which we are informed 
constituted a place of Hindoo pilgrimage. 

1636. Discovery of Asphalt in Cuba. Tn the “ (leneral History of the 
Antilles ” by (E E. Oviedo y Valdes of Spain, published in 1.53.5, we find a 
description of a spring of semi-li(iuid asphalt in the Province Puerto Prin- 
cipe, near the coast, which was used for painting the hulls of ships. An- 
other occurrence is mentioned on the shore of Havana harbor, used for 
similar purposes (p. 107). 

1696. Discovery of “ Pitch Lake ” at Trinidad by Sir Walter Raleigh. 

In his book, the “ Discoveries of Cluiana,” Sir W alter Haleigh gives a 
record of his voyage of exploration to the east coast of South America 
in 150.5, wherein he describes his visit to the Island of Trinidad, and gives 
the first account of the .so-called “ Pitch Lake,” (see p. 108). 

1601. First Classification of Bituminous Substances. Andreas Libavius 
refers to the uses of asphalt, and classified it with mineral oil, amber and 
pitch. He endeavored to trace the connection between asphalt and 


‘Volume II. 


* Book XXXV. 


* Book I, Chapter III 
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potroleuni, and gives a record of the earli(‘st literature on asphalt including 
the works of Pliny, Dioscorides, Hip|>oera(es and others.’ 

1666. Early Dictionary Definition of “Bitumen.” In one of (he earliest 
dictionaries of the Kngli.sh language, “ Hlount’s (llossiiry,” hiturnenjs 
defined as: 

"A kind of clay or .dime naturally rlainmy, like pit<li, Rnminn in certain coiintrioH 
of ’’ 

It is interesting to note the connection helween this interjiietalion of the 
word, and the reference to ‘‘ slinu' " and shniepit ” in ‘‘(leiu'sis” 
(loc. cit.). 

1661. Commercial Production of Wood Tar. 'i'lu' earliest nderiaice to 
the jiroduction of wooiltarona largi' scale hy the dry distillation of wood, 
occurs in HoyleV ‘‘ Cheniislra Sci'pticus,” KUil. 'Phis indilstiy is said to 
have Ikhmi first practiced in Notw.ay and Swiakai. 

1672. First Accurate Description of Persian Asphalt Deposits. Dr. .1. 
Fryer accurately di'scrihes th(‘ o(Turrenc(‘s of asphalt in th(‘ Paist Indies 
and Persia, in his hook “ Nine Years’ d'ravels ” (l(»72 KiSl).- 

1673, Discovery of Elaterite. The first di'.^cription of Flaterite, origi- 
nally found at ('aslleton in l)(‘rl)yshir«\ England (p ITit)). under the 
nani(‘ “ Elastic Ihtunien,” is given hy Filter in the Plnlos(>phicnl Miujdztnv 
(Hid Joitrnal of Scinicc, London, 1()73. 

1681. Discovery of Coal Tarand Coal-tar Pitch. In a patent taken out 
in England on August Ih, IGSl, hy Hecher and Serl(‘, entitled “A lu'w way 
of Makeing Pitch, and Tarn* out of Pit ('o:de, n(‘ver before found out or 
Used hy any other,’’ \Ne find the fii.^t description of coal tar and coal-tar 
pitch, iis well as their nu'thods of production. 

1691. Discovery of Illuminating Gas from Coal. Dr. .John ( Inyton, 
dean of Kildare, PTgland, ex|)erini(‘nted with tin* intlarninalile gas oh- 
tained on heating coal in a clo.s(*d retort. He filled hladders with this gas 
and demonstrated that it hurnt with a luminous flame. 

1694. Discovery of Shale Tar and Shale-tar Pitch. lYiglish Patent 
No. .330, of 101)4, entitled “ Pitch, 'Par and Oyle, out of a kind of stone from 
Shropshire,” granted to Hancock ami Portlock, contains the earli(\st record 
of the manufacture of shale tar and .‘^hale-tar pitch. 

1712-1730. Discovery of Val de Travers, Limmer and Seyssel Asphalt 
Deposits. The asphalt deposit in the Val de 3Tavers in the Jura Moun- 

* "Singularium Aridrotr T.ll)ft^^^ <'onl VIII lihroH hitimnnurn t-i affinum limlorirf, pliysirr, 
^'hymice. de Petroltjs, Arnhr.'i, nnloKiirillio, Sn««m<>. (iagatf, AiiphHltn, PiK«-aKpliftllo, Murnia, 
Lithanthrace " Frankfurt, 1001 f Kopff 

*P. .118 pt 
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tains, Canton of Neuchdtel, Switzerland, was discovered by the Greek 
Doctor Eyrinis d’Kyrinis in 1712, and described in detail.^ 

Some give Eyrinis the credit of having likewise discovered the Limmer 
asphalt deposit near Hanover, Germany, in 1730, but this has not been 
definitely established. A third discovery of asphalt by Eyrinis, in 1735, 
at Seyssel in the Rhone Valley, Department of Ain, France, proved to be 
one of the most important de|)osits in ICiiroix;. This has lx*en worked 
constantly up to the present time, and will be described later (p. llfi). 

1746. Invention of the Process of Refining Coal Tar. On August 7, 
1740, a patent was granted in luigland to Henry Haskins disclosing: “ A 
now method for extracting a spirit or oil from tar, and from the same 
process obtaining a very good pilch,” consisting of our present process of 
fractional distillation in a closed retort connected with a worm con- 
denser. 

1777. First Exposition of Modem Theory of the Origin of Asphalt. In 

his “Elt^ments dc Mineralogie,” published in 1777 LeSage^ classified bitu- 
mens in the sequence: “Naphtha, Petroleum, Mineral Pitch, Maltha and 
Asphalt,” and regarded them all as originating from petroleum oil. This 
closely conforms to the modern views regarding the classification and origin 
of bitumens. (Sec p. .55.) 

1788. Discovery of Lignite Tar. Krunitz in 1788 referred to the pro- 
duction of “ a tar-like oil ” upon destructively distillating “ earth coal ” 
(lignite). This was virtually the first description of the manufacture of 
lignite tar. 

1790-1800. Discovery of ** Composition ” or “Prepared” Roofing. 

Admiral Faxa of Sweden^ is given credit for having produced the first 
prepared roofings between the years 17!:() and ISOt) in the following crude 
manner: the roof boards were first covered with plain paper, which, 
after being nailed in place, was coated with heated wood tar to make it 
waterproof. 

A newspaper published in Ix'ipsie in the ye.ar 1791 eredit.s Michael Kag of 
Miihldorf, Bavaria, with hjivmg produced an improved form of prepared roofing by 
saturating raw paper with v.irnish, and coating the surfaces with a mineral powder. 
The product was also recommended as a substitute for leather in the soles of shoes. 

1792-1802. Manufacture of Coal Gas and Coal Tar on a Large Scale. 

Win. Murdoch, of England, was the first to manufacture coal gas and 
coal tar on a large scale. 

» *' Dis-sertfition aur I’aapbaltc ou cimi'nt nnlurcl, decouvrrl depuis qup1(|ups ann^ca au Val de 
Travers” Paris, 1721. 

* Volume II, p 96, 

» E, I.dhmann, '* Die Fabrikation der Dachpappe und dor Anstriohmasso filr Popp<l)iohor,'’ p 1, 
Vienna, Biulapost and Lcipcig, 1883. 
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1797-1802. Exploitation of Seyssel Asphalt in France. M. Secrctan 
obtained a concession from the French (Joverninent to work the asphalt 
deposits at Seyssel on the Rhone, France. The venture, however, did 
not prove a success. 'I'he deposit was next taken over by C'ount dc 
Sasisenay, of France, in 1802, and actively exploited. A laboratory was 
erected to investigate the uses of this asphalt, which was marketed in 
France under the name “ Rock asphalt mastic,” and used for surfacing 
floors, bridges and sidewalks, also to a limited extent for waterproofing 
work (s('e ]). 1174). 

1816. Commercial Exploitation of Coabtar Solvents. In 1815, 
F. V. Accum, of England, obtained “naphtha” by subjecting coal 
tar to fractional distillaticui on a commenaal scal(‘. 'I bis distillate was 
used in the manufacture of India rubber goods, for burning in oi)en lamps 
and for certain kinds of varnish. 4'!u* tar which remained behind had no 
particular value and was accordingly consunual as fuel. 

1822. Discovery of Scheererite and Hatchettite. The mineral wax 
Scheererite \\as discovered in a bed of lignite (brown coal) at Fznach, 
near St. (lallen in Switzerland, by ( aptain Scheerer, in 182!b In the same 
year the mineral wax hatchettite or hatchetine (j). 78) was dis- 
covered on the borders of Loch Fyne, in Argyllshire, Scotland, and was 
named after the English chemist, (’. Hatchett. 

1830. Discovery of Paraffin Wax. The discovery of pjirafhn wax is 
credited to C'arl von Reichenbach, of Stuttgart, (lermany, who was the 
first to describe its physical and chemical pro|)erties.‘ He derived the 
material from lignite tar and christem'd it “ Paraffin ” (Parum Affinis), 
because of its unusual resistance to chemicals. 

1833. Discovery of Ozokerite. 'Lhe first reference to the mineral wax 
ozokerite (p. 74) was by (llocker- in Schw(‘itz<Tische Apoth(‘k(‘r-Z(‘itung, 
1833, 69, 215. He discovered it near the town of Slanik in Moldavia, close 
to a deposit of lignite at the foot of the ('arpathians. It was named from 
the Clreck words signifying “ to smell ” and “ wax,” in allusion to its odor. 

1836. Asphalt First Used in London for Foot Pavements. In 1830 
we first hear of Seys.sel asphalt being introduced from France to London 
for constructing foot paths.^ 

1837. Publication of First Exhaustive Treatise on the Chemistry of 
Asphalt. The well-known treatise “ M/’woir sur la comjiosition des 
bitumes ” was published by J. B. Boussingault in the year 1837. It 
wa.s the most exhaustive treatise on the subject which had yet appeared.** 

« J. Chtm. phyi., 1830, «9, 436. 

* " A System of MinernloKy,” by E. S. Dana, p. 998, New ^ ork, HMHi. 

* Danby, loc cit , p 54. 

* Ann chtm phyi> . 1837,64, 141 Tranalatod in "Aaphalt PavinR," pp. 107, by the Cotn- 
nii8.siont'rs of Acrnijiit>« r>f ihf C'lty of N«'W \ork, F«‘b 3, 1904. 
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1838. Discovery of Process for Preserving Wood with Coal-tar Creosote. 

In 1838 Bethcll disclosed the use of coal-tar oil for impregnating wood.* 

1838. Asphalt First Used in the United States for Foot Pavements. 
Tl;ie earliest case on record of rock asphalt h^ing used in the Tnited States 
for sidewalks is in the portico of the old Merchants’ I^xchange Building, 
Philadelphia, in 1838. Seys.sel asphalt was used for this purpose. 

1842. Discovery of Bituminous Matter in the United States. In 
1842 appeared the first r(‘port of an asphalt deposit in the United States. 
It was entitled “ Indurated Bitumen in Cavities of the Trap of the Con- 
necticut Valley.” ^ 

1843. Bituminous Matters Discovered in New York State. L. C. 

Beck, in 18*13, wrote a paper on the occurrence of bituminous matter in 
several of the New York limestones and sandstones. * 

1860. Discovery of “ Asphaltic Coal ” in New Brunswick, Nova 
Scotia. C. T. Jackson published the first account of Nova Scotia “ alber- 
tite ” in (he years 1850-18.51. It was described Jis “ All)ert (’oal.”‘ 

1864. First Compressed Asphalt Roadway Laid in Paris. In 1854 a 
short sli'etch of compress(‘d rock asphalt roadway was laid in Pai’is by 
M. Vaudiy.'* This, we are told, was the outcome of observations pnwiously 
ma(l(‘ by a Swiss engineer, j\I. Merian who in 1819, notc'd that friigments 
of rock asphalt (hat fell from th(‘ carts transport iiig the material from the 
mine at Val do Travers, to the nearby villag(‘, beeanu' compressed in 
summer under the wheels into a crude' pav('me?il of asphalt. Merian 
thereupon constructed a small experimi'iital stn'tch of roadway com- 
pacted with a rolh'r. 

1868. First Modern Asphalt Pavement Laid in Paris. In 1858, the 
first large area of asphalt roadway was constructed oti tlu' Palais Hoyjil in 
Paris. It was comt)o.'<(*d of a foundation ol e'oucri'ti' li in. thick surface'd 
with rock asiihalt mastic obtaiiu'd from the' \ al dc' Travers de'jiosit, com- 
pressed to a layer about 2 in. thick. This const it uti'd the earliest use of 
sheet asphalt {)avement in its mode'rn form. 

1863. Discovery of Grahamite in West Virginia. The first account 
of the West Virginia grahamite (l('t)osit is givi'ii by .1. P. Lesley.*’ The 
material was described as a rock asphalt, but was later named “gra- 
hamite” by Henry Wurtz, in honor of the Messrs. Graham, who were 
largely interested in the mine. 

Choniii' und TirhnoloKic* dcr Natilrliolicn iind Kilnsflirhon As|dialt(‘,” by Kohlnr-(]racfo. 
pp. 21 UniviHxt'hwciK. IDl.'l 

•J Cl I’crnval, " H«*port on tin* Clcolony of ConniTtiriit," Am J Sci , IS 12, 13, IdO 

* Am. J. Sn . IS 1.1, 14, .335 

•Proc. JJo^fon Sor \nl //isl . 1S.50. pp 270, alao .tw ./ .Si, IS.'.O, 2. XI, 202; XIII, 276 

»Soo ‘'.Asphalts," by T U Hoornian, pp 11, N Y, lOdS 

* Proc. Am. Phil Soc., 9, 183 Philadelphia, March 20, 1803 



HISTOKK’AL UEVIEW 


17 


1869. The First Compressed Asphalt Pavement in London. The 

first stretch of asplialt roadway in London was lai<i at Thr(‘adnc(‘dlc Sti'ect 
near Finch Lane in May, IStV.f It was connH)s(‘d of \’al de Travers 
rock asphalt.’ 

1870 6. First Asphalt Roadways in the United States. Sona* ^ive 
tlie IWlpiinn chemist, ,1. l)eSin(‘<lt, credit for having? laid the iirst rock 
asphalt roadway in the I'lnted States, contending tliat in lS7t) a small 
exjx‘rimental stretch was laid with continental asphalt opposite the 
('ity Hall in Newark, N. .1. According to H(,oiman,* tlu' first pavimaait of 
any (‘onse(|H(‘nc(' in the Fnitc'd Stat(‘>. was laid m 1S72. at Fnioii Sipiari', 
N(‘W’ York ( ity, comjiosi'd of \’al dc 'I'raviM^ iiH'k a^phalt. In lS7(i. four 
city Flocks of Neuchalcl a>phalt jiavianent were laid on Pennsylvania 
Avenue, \^'ashington, 1). (’. 

1879. First Trinidad Asphalt Pavement Laid in the United States. Ac- 
cording to Hichardson ‘M he first slu'ct asphalt pavcimait of 'frinidad asphalt 
to 1)(‘ laid in th(‘ United State's was on Pt'imsylvania Avenue', Washington, 
I). ( Ill the' ye'ar 1870. 

1881. Use of Chemicals for Oxidizing Coal Tars and Petroleum 
Asphalts. The first compUtc eiise'leisure' eif the preie'e'ss feir “ eivielizing ” 
hituminous matc'rials was hy De' Snie-elt (se'c p. 287). 'fills preie'e'ss 
consiste'el in ('vajioral ing e-eial tar eir asphalt in contact with suhslaiu'e's 
e-apahle eif indue-iiig eixielat leni (sue-h as peitassnnn jie'rmanganate'), “ to 
give tlie'in gre'ate'r te'uacity aiiel le'iiele'r tlie'in, or tlu* )>ave*nie'nt, or otlu'r 
comiiositioiis in whie*h they e'lite'r, l(*ss hrittle anel h'ss liahle* to he' alTecte'el 
hy air eir water.” (Se'e* p. 289.) 

1885. Discovery of Uintaite (Gilsonite) in Utah. ( lilsonite*, first known 
as “uintaite,” was discove'ie'el in the* Uinta \'alle*y lu'ar lort 1 )uch(*sn(*, 
Utah, in 188."). It was first eloe'iihe'd hy W. P. Hlake',‘ and was later 
calle'el “gilsonite,” afte'r Mr. 1'. 11. (lit^on, of Salt Lake* ('ity. 

1889. Discovery of Wurtzilite in Utah. W. P. Blake* suhse'(|uently 
eliscovered a de))osil e)f wurtzilite not far freun the .‘uiurce of gihonite* in 
tile Uinta A'alle*y, M'a.'^ateh County, Utah, he'tw(*<*n Salt Lake anel the 
Valle'v of the (ire'cn Hiver.’ It was naineul after Dr. He*nry Wurtz of 
New York. 

1891. Exploitation of the Bermudez Asphalt Deposit, Venezuela. 

Accoreling to Ke)hler-( Iraefe*,'' the Bennnele*/. asphalt defuisit in Venezuela 
was first developed in the ye*ar 1891 hy the* Xe'W' Ye)rk-Be'nnuelez( 'eimpany, 

‘Danh.\, lor rit , jip fiO 

’ I.or rit , p 11 

*“TnnjrlB«l and Brrmudoz Lake Aaphalt-.!.’' pp 28 Barbrr Aaphalt Pbviuk e'.. Philudi-lphia. 

^ Eng M\ning J , 40, 4.U 1885 

''Eng Mining J . 4S, .542 188(). 

* Lor rit , f)p ."14 .'1.5 
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and subsequently taken over by the Barber Asphalt Paving Co. A 
search of the literature fails to reveal when this deposit was first discovered. 
The first pavement laid with this material was on Woodward Avenue, 
Detroit, Mich., in 1892. 

1894. Use of Air for Oxidizing Petroleum Asphalt. A further devel- 
opment of the De Smedt process for oxidizing petroleum asphalt was 
brought about by F. X. Byerley, of Cleveland, 0., who blew air through 
asphaltic oils maintained at a temperature of 600® F. The resulting 
product, marketed under the name of “ byerlyte,” attained great pop- 
ularity. (See p. 287.) 



CHAPTER II 

TERMINOLOGY AND CLASSIFICATION OF BITUMINOUS 
SUBSTANCES 

One of the most baffling problems with which we have had to deal in 
recent years is fixing the definitions of the various bituminous substances, 
and the products in which they are used in the arts.* 

The words “ bitumen,” “ asphalt,” ” resin,” “ tar,” ” pitch,” ” wax,” 
have been in use for many centuries, most of them long Ix'fore the advent 
of the English language. At first, very little was known regarding the 
properties of these substancs, and, as a result, the early writers used IIk'sc 
terms loosely, and, in many cases, interchangeably. It is probable that 
each of these words at first related to the aggregate charact(‘rislies of some 
typical substance clo.sely associated with the processes of daily life. As 
nothing of the chemistry wjus known when these terms originated, they 
were at first differentiat'd solely by their phymal characteristics. 

The words originally had but a limited meaning, but as lu'w sub- 
stances were discovered, they w'ere extended in scop(* until the various 
exprc.ssions completely outgrew their former bounds. 'J'his resulted in 
a certain amount of overlapping and ambiguity. 

As the clu'mistry of these substances gradually became' known, this 
means was likewise adopted to differentiate Ix'tween them, but we are still 
comiX5lled to rely principally upon the physical characteristics, in arriving 
at a rational basis of terminology, as their chemistry has been unrav- 
elled to but a limited extent. 

In defining a substance, wc mu.st rely on one or more of the following 
criteria: 

Origin, Solubility, 

Physical Properties, C’hemicul Composition. 

• Unfortunately, at the present time there is no uniform or standard system of nomenclaturo, 
atul no two authorities agree on this subject, arc “Natural AHphaltum and its Comiwuiids," .1. W. How- 
ard, Troy N Y 1894- "Asphalt, Its Occurrence, Composition, Adulterations, and Commercial 
Uses, with Schemes for its Analysis," T. B Stillman, Slcrm, InUxtuU Indicator, II, 389, 1904; 
M, 45, 1905; Am. Soe. Te»iing Afatcrialji, Standardo for, 1910; pp. 594, Proe Am. Soc. Testing 
Materials, If, Part I, 594, 1916, U. 8 Department of Agriculture, Office of Public Roads, Cir- 
cular No 93 1911 ■ The Engineering .Standards Committee’s Report on "British Standard Nomen- 
elature of Tars, Pitches, Bitumens, and Asphalts, when used for Road Purposes," Utidon, April. 
1016; "The Modern Asphalt Pavement," by Clifford Kiehardson, pp. Ill, New York, 1908; “The 
Classification of Bituminous and Resinous Substances," by Herbert Abraham, /. Ini. Sng. CArm., 
I, 11, 1913. 
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The last three can be more or less readily ascertained from an 
examination of the substance itself. The origin, however, is not always 
apparent, but in certain cases may be deduced by inference, upon in- 
vestigating the physical properties, solubility and composition of the 
substance under consideration. To base a definition solely upon a state- 
ment of the origin of a substance would necessitate some prior knowledge 
concerning its source or mode of production. As such knowledge is not 
always available, a definition of this kind would be very limitetl in its 
scope. Unfortunately, this plan has often been followed by many of the 
leading technical societies in this country and abroad, in fixing the defi- 
nitions of bituminous substances. 

A far better method consists in basing the definition upon the inherent 
characteristics of the substance, so as to permit of its identification with- 
out necessarily having prior knowledge concerning its origin. 

The four cardinal featun's forming this latter basis of nomenclature 
may be further (‘laboiatisl as follows: 

TABLE I 

MiiuTnl 
Animal 

Evaporation (fractional distilliition) 

Destructive (li-^tillation 
HeatiiiK in a cI()mc<1 \c.<»h<'1 
Blowing with air 

I.igfit (wliitc, yellow or brown) 

Dark (l)lack) 


Origin 


PvTogenous 


Color in Maaa 


CotiHiMtcncv 
or llar(lnes<t 


LkiukI 

\ HCOUS 

Semi'solul 

Solid 


Fracturo 


{ Conclioidal 
Hackly 


Physical 

Properties 


Imstre 


Fool 


Odor 

* 

Volatility 

Fusibility 


Waxy 

HeHinous 

Dull 

Adherent 
' Nori'iidlierent 
Ibictuous (waxy) 

f Oily (petroleum-likO 
\ Tarry 

f Volatile 
\ Non-volatile 

Fusible 

' Diffirultly fusible 

Infusible (melts only with decomposition) 



CLA 88 IF 1 CATIUN OF Bl'rFMINOl ’8 SUIOTANCF>; 


21 




tabu; 1— 

NoD*riiin<T:U roii!<titut‘nt:t iii rarhon liioulphiiie 

Distillatf at JOO to 3A()‘' C. in sulphuric acid (i c , " sulphonation rctidue") 


Cbcniiral i 
Conipusition I 


H v<lroc.irhi)n.'« (compounds containiiiK carbon and hydrogen) 

( )x\ Kcn.ktcd IkkIics (coni|Hnindit (ontatning carbon, hydr«»Kcu, and oxygtn) 
C'r\ ‘•talluabic parartimw (i r\ -t dluc til low totn|M‘raturt's) 

Mineral tnatU-r uuurguiuc subslanccs). 


In Tahlo II on p. 22 tlio principal types of bituminous substances 
arc classiticcl according to tlic fi'aturcs cnumcruted in 'J'uble 1. 

'I'hc definitions which follow are based upon this classification. 
Although reference is made to tlii' origin of the substance, nevertheless, 
this i> l)Ut incidiaital, and with the cxct‘])tion of the generii* terms, the 
definitions would U* explicit evtui though this feature were omit tial. 

Bituminous Substances.’ A class of native and pyrogiuioUs^ substances 
containing bitumens or pyrobitumens, or resembling them in their 
j)hyMcal proiHM’ties. 

N’chk 'I'liis (li'liiiition includi*" liilniiKMis, pyroliitiiinons, pvronoaouK distilhitcs 
(p\ inucnous V uxe^ ami lari!; and p\rogrnou> U‘Mdm‘> yiitclu's ami p\ roficmms asplialtn). 

Bitumen.^ A generic ti'rm apphcal to native substances of variable 
color, hardness and volatility; compOM*d of hydrocarbons substantially 
frei' from oxygenated bodies; sometimes associated with rniniMal matter, 
the iion-mineral constituents being fusible and largely mluhlv in carbon 
disulphide; and who'C di'^tillati' fractioiual between BOO and BfiO® C. 
yielils conbuh ruble sulphonution risiihic. 

Noti. '['liis (hd’initinn inclmlcs pctriilciiin’'. native asphalts, nativi* rnineral \\*!X(‘h 
ami a^pllaltlte.s 

Pyrobitumen. * A gt'iieric t(*rm, a))))li('d to nativi* substances of dark 
colois comiKiratively hard and ikhi-n olat ih*: composed of hydrocarbons, 
which may or may not coutam owgeiiated bndies; iom('tim(‘s associtit(*d 
with mineral matt(‘r, the non-mmeral constituiMits being infusible and 
relatively insuluble in carbon dmulphidi*'. 

'Tilt* s((,pf i.f the W(tr<i ■■f>ifur)iinoii>‘” i- 1. d on lln* ri.inmotilv Horoptofl iht<Tpri>f Rlion of 
tin- Hiiflix "oin." ‘•iKtiifi irij? ih fo <r.iii,iin. (<• n '< iiiblf, lo purUkc of tbi* imliirt*, to liiivo 

Ihr <niMlitii x (.f u , «oiitiiiniiiit '•ill- I or r. -t TiibliiiK •'liifii, hmiiioui contninuiK or ri-winbliiig 

p'-iii, olnaKiiioi/'i rontHimuK or r« -< iiililioi: oil , il< iin-oii- ooriliiuiiiiK or roHcinbling lirni-) Simi- 
larly, the word " bit umiiumv” h roii-ini<-l to iii< hide KulmtiinreH, utluT ron/.nnuii/ mure or I'M 
bitumen (or iiNrobitumen), or eNe rt'-i mhlutu them in th< ir aj>p« nraiiei' or noHlitien 

>The cxpresMuii “ p> rogenons” iinpli* -i tint lh«' 8ubstai.ee was produced by means of heat 
or fire 

»The interpretation of the term "bitumen" .is .mploved in this treatise in entirely disannoeialed 
from the idea of solubxhty (m ri rt.iin -olventH for hidroearbons), and han no eonneclion whatnoover 
with the inappropriate expres.-ion "total bitumen," uwd in many contemporary teit-book« lo 
ih-siKiiali' the amount Holuble in carbon disulphide, and whieh utifoi I unatelv ih largi Iv renpousilile for 
tin exintim; oorifimion in the ter I’liriologv 

‘The expression ‘ pvrol.ituinen " implies that the Kubstiiriee wlien Biibjeeted to heat or fire will 
Kenerute, or lufome t r.tnsfor me<| into IxNlien m m inbliiiK biliimeim (in then solubility and Fihysu-al 
projK rtic'si 
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j [ ' voiaiue j iitue. 

j VLsc«U9 to F Resinous : Adherent to . Compara- Fusible Largely Compar? 
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Note. Thi.s definition includes the asphaltic and mm-asphaltic pyrohitumena, and 
|hcir respective sliales. 

r Petroleum. A spocios of bitumen, of variable color, liquid consiRtoncy, 
liaving a characteristic odor; comparatively volatile; composed of liyduo- 
wrl)ons, substantially free from oxygenated l)odies; soluble in carlK)n 
(disulphide; and whose distillate fraetioned iM'lweeii 3(X) and 350® 
yields considerable sulphonation residue. 

Note. This definition includes non-asplialtic, mixed-base and asphaltic ()etroleums. 

Mineral Wax. A term applied to a sfK'cies of bitumen, also to certain 
?pyrogenous substances; of variable color, viscous to solid consistency; 
^having a characteristic lustre and unctuous feel; comparatively non-volatih‘; 
Com|X)sed of hydrocarbons, substantially free from oxygenated Ixalies; 
containing considerable crystallizable paraflines; sometinu's associati'd 
‘-with mineral matt(‘r, the non-mineral constituents lx‘ing easily fusible and 
soluble in carbon disulphide. 

, Note. This <lcfinition is applied to native ininend waxes and pyroncnouH waxes. 
Native niineral waxes include o/okente, inontaii wax, etc. I’vronenous waxes include 
thi‘ soIkI paraffines scparatcil from m«ii-ahphaltie and mixed-) >ns(; iMdroliuiins, jK*at 
tar, lignite tar and shale tar 

Asphalt. A term ap|)lied to a s|M‘cies of bitumen, also to certain pyro- 
genous substances of dark color, variable hardness, comparatively non- 
volatile; composed of hydrocarbons, substantially free from oxygemated 
bodies; containing relatively little to no crystallizable paraffines; some- 
times a.ssociated with mineral matter, the non-mineral constituents being 
fusible, and largely .soluble in carbon di.sulphide; and whos(» distillate 
fraetioned between 300 and 350° ('., yields considerable sulphonation 
residue. 

Nute. This definition is applied to native asphalts and pyrogenous asphalts. 
Native a.sphalts im-Iude a.><p)i.‘ilts occurring naturally in a pure of fairly pure state, also 
a.sphalts a.ssociated naturally with a .sulwtaiitial pro|K>rtion of mineral matter.' Pyro- 
genou.s a.sphalts include re.sidues obtained from the distillation, blowing, etc , of jsdro- 
leurns (eg., re.sidual oil, blown a.sphalts, residual asphalts, sludge asphalt, etc.), also 
from the pyrogenous treatment of wurtzihte (e.g., wurtzilitc asphalt). 

Asphaltite. A species of bitumen, including dark colored, compara- 
tively hard and non-volatile solids; contposexi of hydrocarlK)n8, substan- 
tially free from oxygenated Ixxiies and crystallizable paraffines; sometimes 
a.ssociated with mineral matter, the non-mineral constituents being difficultly 
fusible, and largely soluble in carbon disulphide; and whose distillate 
fraetioned Ixitween 300 and 350° ( \ yields considerable sulphonation residue. 

Note. This definition includes gilsonitc, glance pitch, and grahamitc. 

> Oft«n termed “rook asphulU ” 
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Asphaltic Pyrobitumen. A species of pyrobitumen, including daik 
colored, comparatively hard and non-volatile solids; composed of hydro- 
carbons, ayhstatUially free from oxygenated bodies' sometimes associated 
with mineral matter, the non-mineral constituents being infusible and 
largely insoluble in carbon disulphide. 

Note. Thig definition includes elaterite, wurtzilite, alljertite, impsonite and the 
asphaltic pyrobituminous shales. 

Non-asphaltic Pyrobitumen. A species of pyrobitumen, including 
dark-colored, comparatively hard and non-volatile solids; composed of 
hydrocarbons, containing oxygenated bodies sometimes associated with 
mineral matter, the non-mineral constituents being infusible, and largely 
insoluble in carbon disulphide. 

Note. This definition includes peat, lignite, cannel coal, bituminous coal, anthra- 
cite coal, and the non-asphaltic pyrobituminous shales. 

Tar. A term applied to pyrogenous distillates of dark color, liquid 
consistency; having a characteristic odor; comparatively volatile; of 
variable composition, sometimes associated with carbonaceous matter, 
the non-carbonaceous constituents being largely soluble in carbon disul- 
phide; and whose distillate fractioned between 300 and 350® C., yields 
comparatively little sulphonation residue. 

Note. This definition includes the volatile oily decomposition products obtained 
from the pyrogenous treatment of petroleum (water-gas tar and oil-gas tar), bones 
(bone tar), wood and roots of conifer® (pine tar), hardwoods, such as oak, maple, 
birch, and beech (hardwood tar), peat (peat tar), lignite (lignite tar), bituminous coal 
(gas-works coal-tar, coke-oven coal-tar, blast-furnace coal-tar, producer-gas coal-tar, 
etc.), and pyrobituminous shales (shale tar). 

Pitch. A term applied to pyrogenous residues, of dark color, viscous . 
to solid consistency; comparatively non-volatile, fusible; of variable 
composition; sometimes associated with carbonaceous matter, the non- 
carbonaceous constituents being largely soluble in carbon disulphide; 
and whose distillate fractioned between 3(X) and 350® C. yields com- 
paratively little sulphonation residue. 

Note. This definition includes residues obtained from the. distillation of tars 
(oil-gas-tar pitch, water-gas-tar pitch, bone-tar pitch, wood-tar pitch, peat-tar pitch, 
lignite-tar pitch, gas-works coal-tar pitch, coke-oven coal-tar pitch, blast-furnace coal- 
tar pitch, producer-gas coal-tar pitch, and shale-tar pitch); also from the distillation of 
fusible organic substances, the process having been terminated before the formation 
of coke (rosin pitch and fatty-acid pitch). 

It will be noted that the terms ^'mineral wax” and "asphalt” are each applied 
indiscriminately to native and pyrogenous substances. This is due to the fact thsrt; 
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I the pra«ent time it w practically impossible to distinguish between certain native 
id pyrogenous asphalts or mineral waxes, either by physical or chemical means. It 
probable that some method may be discovered for accomplishing this, in which 
irent it would be of decided advantage to frame separate definitions to distinguish 
ftween native and pyrogenous substances respectively. With the knowledge avail- 
ble at present, however, this cannot readily be accomplished. We must be content, 
lerefore to apply the term ‘‘asphalt” and “mineial wax” both to native substances 
ad to manufactured (pyrogenous) products. 

In many of the early classifications, natural gas and marsh gas were included 
(sithin the scope of the term “bitumen.” As this stretches the meaning to an 
ibnormal extent, the author deems it inadvisable to include natural gases in the 
Eiefinitions and classification given in this book. 

The term “maltha,” frequently found in contemporary classifications to desig- 
nate the softer varieties of native asphalt, has been omitted for the soke of brevity, 

The preceding definitions enable us to arrive at the following classi- 
fication of bituminous substances, in which are included the most impor- 
tant members recognized commercially 
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CHAPTER III 

CHEMISTRY OF BITUMINOUS SUBSTANCES 


STRUCTURAL FORMULAS OF THE MOST IMPORTANT PURE 
CHEMICAL SUBSTANCES PRESENT IN BITUMINOUS 
COMPLEXES 


Bituminous substances are complex mixtures of chemical compounds containing 
the elements carlion and hydrogen in varying proportions and combined in differ- 
ent ways. , These compounds may also contain the elements oxygen, sulphur, and 
nitrogen. Certain bituminous substances and especially those found in nature, con- 
tain more or less extraneous mineral matter. Carbon and hydrogen, however, are 
present in the chemical compounds contained in all types of bituminous substances. 
These two elements have the properties of forming a l)ewildering number of com- 
binations— in fact more than any other two elements. Substances composed of car- 
bon and hydrogen are termed hydrocarlx)n8." 

Each element has the power of combining with other elements in certain def- 
inite ratios. The combining power of the element hydrogen is taken as unity, 
and it is therefore said to have a "valency” of 1. Oxygen is capable of com- 
bining with 2 atoms of hydrogen, forming a molecule of water (H 2 O), and therefore 
has a valency of 2. Similarly, carbon can combine with four atoms of hydrogen, 
and has a valency of 4. These valencies may be pictured mentally as bonds or 
joinings, holding the elements together. For the sake of convenience, they are 
represented graphically by dashes, thus: 


H-; 0= or --0-; C= or =C= or 



Carbon atom-i, moreover, have the profierty of uniting with one another. When 
but two carbon atoms combine, the union may occur in three ways: 

(1) Two carbon atoms may unite with a single valency joining them together, 
!c :ving three free valencies for each carbon atom, or a total of six, illustrated as follows: 

=C C^; .simplified as — C^. 

(2) The carbon atoms may be bonded together with two valencies, leaving four 
free v.*lencies, thus: 

=C— =C=; simplified as =C=C=. 

(3) The carbon atoms may be joined together by three valencies, leaving but 
two uncombined valencies, thus: 

— =C — ; simplified as — C=C — . 

28 
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The free valencies may unite with hydrogen atoms or other carbon atoms, 
forming an endless number of combinations, and constituting a series of hydrocarbons, 
thus: 


H H 

H H H 

1 1 i 

H H H H 

— C — H etc. 

1 1 1 1 

i H 

I 1 1 

H H H 

1 1 1 I 

H H H H 

CjH« Ethane 
(CHrCH,) 

C,Hi Propane 
(CHrCHCH,) 

(\Hio Butane 
(CH, (TI (T1 CH,) 

H 

w 

H H 

\v ! 

H 

H H H 

(*'--H etc. 

H/ 1 1 

H H 

Cin 4 Ethv’ene 
(CH, : Oh,) 

(Mid Propylene 
(CH, : (TI CH,) 

CdHi Butvlene 
(CH, : CH C'H, (^H,) 


H 

H H 

1 1 

H-C^EK^-C-X’-H eto. 

1 1 

H-C^-H 

j 

H-CHC-C-H 

1 


1 

H 

1 1 

H H 

CjH, Acetylene 
(CH •: CH) 

(Mb Allvlene 
((’11 iC^CH,) 

Cdlld Klhyl icelvlcne 
(CH :• ('‘CHrCH,) 


These are termed "open chain hydrocarbons,” Iwcause all the rarl)on atoms 
are connected together in a straight line 'I'he first three examples, ethane, pro- 
pane, and butane, are said to Ixj nienil)erK of a naturaUd aeries liecauae no two 
carlxins are held together by more tlian one valency, or in other words, all the 
carbon atoms are “saturated” or combined with hydrogen. This particular series 
of hydrocarbons has been named “paraffines,” because the various memljers arc 
ordinarily found in paraffinaceous petroleum and parafline wax. In each memlier 
there exists a definite ratio between the numlier of carbon and hydrogen atoms 
respectively. For each atom of carbon present, we find two more than twice as 
many of hydrogen atoms. 'J he paraffine series is accordingly represented by the 
general formula Cnlljn+j ir which n may range from I in the lowest member 
CH*, to as high as 60 in CeoHin. 

The three substances, ethylene, propylene, and butylene, similarly belong to 
an open chain series of hydrocarlions known as the “olefines” having the general 
formula CnHjo- Since all the carlwn valencies are not combined or satiated with 
hydrogen, this series Is known as an “unsaturated” one. 

The three substances, acetylene, allylene, and ethyl acetylene belong to the 
unsaturated “acetylene series” represented by the general formula CnHjn-*. The 
acetylene series is obviously more unsaturated than the olefines. Similarly, we 
have the diolcfine series which lias the same geneml formula as the acetylenes, 
namely CnHjn-j, but which is distinguished from the latter by having two double- 
bonded carbon groups instead of one triple-bonded group. These will be described 
in greater detail later. 
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The olehnacetylene series (also known as the valylene series) is represented 
by the general formula CnH2n-4, characterized by the presence of both doubly- 
and triply-bonded carl)on groups. 

The next higher series of unsaturated open chain hydrocarbons is known as 
thd diacetylene scries CnHjn-*, characterized by two triply-bonded carbon groups. 

Following these we have the CnH2n~*, CnlLn-io, and the CoHin-n scries in the 
order mentioned. All of those are found in petroleum. It is highly probable that 
hydrocarbon series of still higher order exist in bituminojis substances, but no 
means have as yet been devised to isolate them. 

It should be lx)rne in mind that two or more substances may have the same 
number of carbon and hydrogen atoms, and yet be constituted difTerently struc- 
turally. Thus, the substance butane, C4H10 may exist in two possible forms, 
termed '‘Isomers.” These include "normal butane” shown above, and the so- 
called "isobutane” also known as "trimcthylmethane,” shown diagramrnatically as 
follows: 



Isobutane or Trimcthylmethane 

CHyCUiCIhh 


In a similar manner, the substance "butylene” may occur in three isomers, 
all having the same general formula C4H,, as follows: 


Butylene CH2 : CH-CH. (ylli as shown above; 

P.scudobutylene CHj CIl :CH CH.i; and 
Isobutylene CIL : C(CIL)2 

Similarly, ethylacetylene (crotonylene), CjH*, occurs in another isomeric form, 
dimethylacetylene, CHj C : C CHj. 

In addition to the open-chain hydrocarbons, there occur "cyclic” or "ring” 
hydrocarbons in which the carbon atoms arc joined together in a circle, in both 
the saturated and unsaturated forms. The saturated cyclic hydrocarbons are known 
as "polymethylcnes.” These may in turn be divided into two classes, namely, 
those consisting of but one ring or cycle, and those consisting of more than one 
ring or cycle. The former are termed "naphthenes” or "monocyclic polymethyl- 
enes,” and the latter "polycyclic polymcthylenes.” 1'he polycyclic polymethylenes 
may be further grou{ 3 ed into dicyclic polymethylcnes, tricyclic polymcthylenes, etc. 
Unsaturated cyclic hydrocarbons are groujMjd into monocyclic and polycyclic series 
known as "cyclic olefines,” “terpenes,” "benzenes,” etc. 

We will now consider the individual hydrocarlxm series: 


OPEN CHAIN HYDIIOCARBONS 
CnHjo+j Series — Saturated — Single Bonds — "Paraffines” 

The various members of this series are shown in Table IV on p. 31 : 

As already stated, butane has two isomers, similarly pentane occurs in three 
isomers, hexane in six, heptane in nine, octane in eighteen, and finally tridecane 
in 802 isomers. It follows therefore that as we ascend the scale, the number of 
possible isomers increases rapidly. 
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TABLE IV— CnHtn +1 SERIES— "PARAFFINES— SATURATED— SINGLE RONDS 


Name. 

Formula. 

Mchinit* 
point, 
l)eK C 

Rollint. 

point, 

De* C.. 

Ooswii* 

Methane 

CII« 

-18(» 

At 760 mm. 
-165 


C»Hi CHi-OHi 

--I72 

-ins 

- 9.1 

- 45 

Propane. 

C,H, CHiCHiCH. 

Normal Butane 

C4H,o Clh CHi CHi CHi 

-la.s 

-f 1 

Tnmethyl Methane 

CiHw CH» CIHCH»)i 


- 17 

Liquid 




Normal Pentane 

CiHii CHi (CH.)» CHi 


f 38 

Dimethyl-ethyl Methane 

au,i CHi 


4 30 

Tetramethyl Methane 

r.n„ c(CHi)4 


i 10 

Normal Heiaue. 

(\Mu CH| (CH|)| C1I» 


t 09 

Methyl-diethyl Methane 



1 04 

Dimethyl-propyl Methane. 

OH, 4 CHi(CHil4CH(rHi^, 


f 02 

Di-i8opropyl 

j r«H,4 (CHi)i ^ciiutriiii, 


1- 58 

Truncthyl-eth.vl Methane . 

0.11,4 CHi CHi C(CHi)i 


f 45 

Heptane 

0:11,4 


-f 98 

Octane. 

(Ml,- 


125 

Nonane 

('.Hx. 

- 51 

1.50 

Decane 

(’.oHn 

- .31 

17.3 

Undecane 

('.,ll« 

- 20 

105 

Dodecane 

('hIIm 

- 12 

2t4 

Tridecane . . 

(nil,. 

- 0 

234 

Tetradecanc 

(hIIio 

1- a 

252 

Pentadeoane . 

. (',»llsi 

10 

270 

Hexadecane, 


IH 

287 

Heptadccane 


22 

303 

Solid 




Oetodecane 

r„HM 

28 

.317 

Nonadecane 

C',4ll40 

32 

330 

Eioosane 

f'jnlLi 

.37 

At 15 inm. 
205 

Heneicosane 

('tlH44 

to 

21.S 

DocoHune 

CnlL. 

41 

22.5 

Tricoaane 

(Ydl« 

IS 

231 

Tetracopane 

(mMw 

,51 

213 

Pentacosane 


.5.1 


Ilexacosane 


SO 


Htptacosane. 

f’27lU 

SH 

270 

Octocosane 

f':hllu4 

60 


Nonocosane 

r„ii« 

02 


Triocontano 

OjoIltT 

04 


Hentriocontane . . . 

f’nllM 

00 

.302 

Dotnacontane 


08 

310 

Tritriacontanc .... 


70 


Tetratricontane . 

(Nilfto 

72 


Pentatriaeontano 

CwllTt 

7.5 

.331 

Dimyricyl . . 

('•oHui 

102 



The specific gravity, !x)iling* ami melting-points increase with the molecular 
weight. In the ca.se of isomers, those of normal structure have the highest boiling- 
points. The higher members arc volatile without decomposition only under reduced 
pressure. The same general rules hold true with other hydrocarbon series. 

The gaseous members of the paraffine series arc found in marsh gas, natural 
gas and coal gas. The liquid meml)er8 are associated together in certaip forma of 
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petroleum^ such as Pennsylvania petroleum. The solid members occur in ozokerite 
and the various t 3 npe 8 of paraffine wax. 

Paraffinaceous petroleum is composed of a mixture of the individual members 
of the parafifine series in varying proportions. It is a difficult matter to isolate 
the individual hydrocarbons in their pure state. For commercial purposes, petro- 
leum is separated by distillation into various liquids or solids sold under the trade 
names of gasolene, benzine, naphtha, kerosene, lubricating oil, paraffine oil, paraf- 
fine wax, petroleum asphalt, etc. Each of these consists of complex mixtures of 
the individual hydrocarbons in indefinite proportions. 

Paraffine wax contains solid hydrocarbons of high boiling-point (about 300** C.), 
and ozokerite solid hydrocarbons ranging from CmHio upward. 

CnHin Series— Unsaturated — One Double Bond — “Olefines” 

The well-known members of this series are shown in the following table: 

TABLE V.— CnHm 8ERIEJ^*‘0LEF1NE8”— UNSATURATED— ONE DOUBLE BOND 


Name. 

Formula. 

Melting- 
point. 
Deg. C. 

Boiling- 

point. 

Dog. C. 

Oatewt: 



at 760 mm. 


CiHi CHi : CHi 

-160 

-103 


CiHi CHi CH: CHi 


-50 

Butylene 

CiH. 




CiHi CH :CHi 


- 5 

Sym. Diraethyl-cthylene 

CHi CH :CH CHi . .. 


+ 1 


(CHi)iC : CHi 


- 6 

Liquid: 



Amylene 

CiILo 



Norm, propyl-ethylene ... 

CHi (CHi)»CH :CH, 


+39 

liopropyl-cthylene. . . 

(CHi)i CH CH : CHi . . 


+20 

Sym. Mcthyl-ethyl-cthylene . . . 

CHi CH :CH CiH. . 



36 

Unsym. Mcthyl-cthyl-cthylene . 

(CHi)(CiHi)C :CHi. 


31 

Trimethyl-ethyleno 

(CHOiC : CH(CHi). 


36 

Hexylene (n) 

C.H„ 


60 

Heptylene 

CtHu 


05 

Octylene 

C*Hu 


122 

Nonylene 

C»Hi« 


153 

DAO.yleriA 

CioHio 


172 

ITnritMylftne 

CiiHm 


105 

Dodeoylene 

CiiHw 

-31 

213 

Tridecylene 

CiiHm 


233 

Tetrndcoylene 

CmHm 

-12 

Hexndeoylene 

CiiHii 

+ 4 

275 

Heptadecylene 

CitHm 

-1-12 


Oetadeeylene 

CiiHm 

-1-18 


Riknuylenr 

CmHm 

314 

Solid: 




Cerotene 

CitHm 

+58 


Melene 

CuHio 

+62 

375 


These are present in American petroleums in very small amounts. Certain 
members have been identified in Canadian petroleums, also in shale oil. The higher 
members of the olefine series occur in isomeric forms in the same way as the paraflSnes. 
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CttHta-l SeRIM—UnSATURATED—OnB TbIPUE BoND—“ACKTyLEN«|” 
The best known members of this series are included in the following 


TABLE VI.— CbHw-i SERIES-" ACETYLENES'*-1;NSATURATED-0NB TRIPLE 
BOND • 


Name. 

Formula. 

BoiUng. 

point, 

Deg. C. 

Oateous: 




CiHi CH i CH 



C 1 H 4 CHi C ! CH 


lAQuid: 


Crotonylene 

CtHi CHi C ! C CHi 

97 

Ethyl-acetylene 

C.Hi CiH» C s CH 

18 

Methyi-«thyl-aoctyIenc 

(’*H. CHi C ‘ C CfHi 

&S 

Normal-propyl-acctylene 

(MU CHi CHi CHt C ! CH. .. 

48 

leopropyl-acetylenc . 

CiH. (ClIMiCH C i CH 

28 

Methyl-n-propyl-acetylene 

C.H.0 CHi-C i C (ClUUCHi ... 

84 


The lower members have not been identified in any petroleums, although several 
of the higher members are found in Texas, Louisiana, and Ohio oils, and are also 
present in coal tar. 

CoHin-j Series— Unsaturated— Two Double Bonds— “Diolephies'' 

The more important members of this scries are shown in Table VII. 

TABLE VII.— CnH*B-i SERIES— ••DIOLEFlNK.S"—U.\SATURATED-TWO DOUBLE 

BOND.S 


Name. 

Formula. 

Boiling' 

point, 

Deg, C. 

Allylene (Propadiftoe) 

CH* : C : CH* 

Qm 

Divinyl (Erythrene) . . ... 

CH* : CH CH : CH* 

- 8 

Piperylene («t-Methylbutadi(nn).. . 

CH* : CH CH : CH CHi 

42 

laoprene (S-Methylbutadi4ne). 

CH* : CH CtCH*) : CH, . ... 

86 

Di-iaopropeoyl 

CH* ;C(CH*) C(CHi) :CH* 

71 

1 • 1 -3-Tri roe tbylbutadiSne 

(CIU)*C : CH •C(CH,) : CH* 

28 

Diallyl 

CH, : CH •CH* CH* CH : CHi 

62 

2-&'DimothyI-l-5-hciadi4ne 

CH, : C(CH,) CH* CH*C(CH,) : CH. i 

187 

l-l-5-TrimethyI-l-5-bexadiene. . . 

(CH,)*C : CH CH, CH, C(CHi) : CH, 

141 

Conylene 

CH* :CH CH, CH : CH CHi CH, CHi . 

126 


These occur in tars and certain petroleums. 

CbHsb-i Series— Unsaturated— One Double and One Triple Bond— 

“ Olefin ACETTLENES*' 

Individual membera of this series have been identified in Ohio petroleum, also 
also in certain types of California petroleum. 

CoHia>i Sbrib8—Un8atubated— Three Double Bonds— "P oLTOunNis” 

To this series belong the hydrocarbons known as “terpenes," none of which 
is present to any am>reciable extent in bitumens, tars, or pitches. 
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BBiuii*-'UifiATtnuTSi>--Two Triple Bonos*-'* D iACEmufiB’’ 

Tbk lerisB is also relatively unimportant, and includes diacetylene, H*C I C*C I 
C H, dipropargyl, CH i C>CH] CHfC I CH (also known aa hexadine), dimethyldi- 
acetylene, CHi-C i C C i C CHi, etc. 


CYCLIC HYDROCARBONS 

CoHtn Series— Saturated — Single Bonds— Monocyclic— “Naphthenes” also 
Called “Ctcloparaffines” or “ Polymethylenes.’’ 

The following constitute the more important members of the naphthenes: 


table VIII.— CnHin— series— “NAPHTHENES’* OR "CYCLOPARAFFINES” OR 
“POLYMETHYLENES'*— MONOCYCLIC— SATURATED— SINGLE BONDS 


Name. 

Formula. 

Melting- 

point, 

Deg. C. 

Boiling- 

point, 

Deg. C. 

Cyclopropane (Tri methylene) . . 

/CH. 

ch/ 1 

XH. 

-126 

-35 

Methyloyclopropanc 

yCH. 

CHi— CH 


+ 4 

CHk /CH. 

>c<(| 

ch/ xh. 

CHiv ' /CH CHi 

/^<i 

ch/ xh. 


Dimethyl-l-l-cyclopropano 

TrimethyM-l-2-cyclopropan6 . . 

21 

66 



yCH‘Cn$ 



TriinethyH-2-3-cyolopropano 

CHi— CH 1 

^CHCHi 


65 

Cyolobiitane (Tetramethyl* no). . . 

CHr-CH. 

1 1 

CHt-CH, 

Below -80 

11 

Mflthyloyrinhut.ano 

CHi CH— CH. 

1 1 


40 


CHr-CH. 


Ethyloyelohnlanp 

C.HiCH— CH. 

1 1 


72 


CHr-CH. 


Cyolobutyldiethylmethane 

/CiH. 

CHr-CH— CH<( 

1 1 ^C.Hi 

CH.— CH. 


153 


- 

GyeVopeniane (Pentamethylene) 

CHr-CH.\ 

1 >CH. 

ch.-ch/ 

Below —80 

60 
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TABLE VTII — CofitiHu^d. 



Met h y Icyclopontane 


Di methyl- 1- l-<‘yclot)entane 


Di mot h y 1- 1 -2-r y clopentan© 


Dimothyl-l-S-cyclopontauc 


Methyl- l-<'thyl-2-cyclopcntanc 


Moth>l-l-cthyl-3-cyclopcntane 


Cyclohexane (Hexamethylene) 


Mcthylcyolohoxnne . . . 


Dimothyl-l-l-cyclohexan© , 


Di methyl- 1 -2-cyolohexane 


Dimethyl-l-S-cyclobexane , 


Dimethyl-l-4-cyclohexane , 
Ethylcyclohexane 



BoUini^ 
point, 
Oof. C., 

n 

89 

oa 

01 

124 

120 

81 

100 

117 

126 

no 

120 

130 
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TABLE Mil— Continued. 


Name. 


Formula. 


Melting- 
point, 
Deg. C. 


Boiling- 
point, 
Deg. C. 


Trimethyl- 1 - 1 -3-cy clohexano 

CHk 

)C CIIt-CHCHi 

CH»/ 1 1 

TrimethyH-2-4-cyclohexane . 

CHt— CIIr-CHi 

CIIi CHi 

CH — CH — CH, 

1 1 

Trimethyl-l-3-5-oylcohexane 

1 1 

CHt-CHr-CH— CHi 

CHi— CH — CHj— CH— CHj 

1 1 

CHi-CH — CH* 

Methyl-l-ethyI-2-cyclohoxane . 

CHi 

CHi CiHi 

CH — CH — CH* 

1 

Methyl-l-ethyl-3-cyclohexanc 

1 1 

CH.— CHt— CH* 

CHi— CH — CH.-CH— C*H4 

1 1 

Methyl-l-ethyl-4-cyclohexane 

CHr-CHt— CH* 

CH*— CH — CHt— CH* 

1 1 

Propylcyclohexane 

CHt— CH*— CH-C*H» 

CiHt— CH — CHr-CH* 

1 1 

MethyI-l-i«iopropyl-4-cyoIohexane 

CHt-CH,— CH i 

CHr-CH — CH*— CH* 

(Menthane) 

1 1 

Methyl-l-ethyl-3-i^opropyl-4-cyclo- 

' CHt-CHr-CH— C*H t 

CH*— CH —CHr-CH— C*Hi 

hexane 

1 1 

Diethyl-1 -3-cy c! ohexane 

CHr— CHr-CH— CiH* 

C*H*— CH -CHt-CH— C*H» 

1 1 

Cycloheptane (Suberanc) 

r CHt— CHr-CH* 

CHt— CHt— CHty 

1 >CH. 

CHr-CHr-CH,/ 


Cyolo-ootane (Ootomethylene) 

CHr-CHr-CHt-CHi 

1 1 

Cyclo-nonane (Nonomethylene) 

CHi— CHr-CHi—CH* 

CHt— CHr-CHt— CHr. 

1 >H* 

CHr-CHr-CHt— CH*'' 



137 


143 


138 


151 

149 

160 

153 

169 

207 

170 

117 

148 

171 
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These occur largely in Russian (Baku) petroleum, in American mixed-base, and 
asphaltic petroleums (including Ohio, California and Canadian), in certain South 
American petroleums (Peru and Colombia) and in Borneo petroleum. 

CnHta-a SERIES — Saturated — Single Bonds— Poltcycuc — “Polyctcuc , 

POLYMKTHYLENES” 

The most important members of this series are given in the following table: 

TABLE IX.— CnHin-i SERIES— POLYCYCLIC POLYMKTHYLKNES '-POLYCVCLIC— 
.S A T U RATE D— S I NG LK BON O.S 


Name. 


Dihydropinene (Pinane) 
Tnmethyl-2-7-7-bi<‘y do- 1 - 1 -3-hep- 
tanc 


\ 


CH.' 


Formula 


,CH — cn- chj 

^cili ^CH, 


CH. 


MdlihK- 

I ixuut, I 

I nt“K c 1 


Hniling- 

pnint, 
Op# C. 


118 


TrimPlhyl-l-7-7-bicydo-l-2-2-heptane 

(.Campbane) 


CHi 

(Hr C ('Hi 

! 

CHi— ('-CHi 

I 

CUt- C CHi 

II 


I. ">3 181 


Dicydononane. 


Dek ahydro naphthalene 


MethyI-l-bicydo-l-3-3-nonane 


CHi-CUr- CH-CHiv 

nil chi-ch-ch/ 


CH, I 


CH, CHi CH-CHr-CIIi 

I !' I 

Cllr- CHr-CH— ClIi-CHi 


CHi 

CH, C — CHi 

I I I 

CH, CHi CHi 

I I I 

CHi — ('II- CHi 


103 

188 

177 


These hydrocarbons are asually associatcil with the monocyclic CsHn Series. 

CdH*b-j Series— Unsatcrated— One Double Bond— Monocyclic— “Cyclo- 
Olefines" 

These include cyclo-ethylene, C«H., CH=CH and cyclo-propylene, C»H|, 
CH=CH I I 

/ \ Cb,-CH, 

CHt— CH,— CH* which occur largely in Texas oils and in certain asphalts. 

CnH,n -4 Series— Unsaturated— Two Double Bonds— Monocyclic— “Terpenes" 

These include the substances limonene, dipentene, terpinolene, terpinene, 
sylvesterene, etc., and are found in Java, Sumatra, Baku, Galicia and Texas 
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(Beaumont) petroleums in relatively small amounts. They also constitute the so- 
called “essential oils." 

CnH2n-4 Series— Saturated— Single Bonds — “Polycyclic Polynaphthenes 

These are found in Texas (Beaumont), Ix)ui8iana, California, and CWiio petro- 
leums, of which the principal meml)er8 are shown in Table X. 


TABLE X.— CnHin-« 8ERIK8— "POLYCYCLIC POLYNAPHTHENES”- POLYCYCI IC 
SATURATED-SINGLE BONDS 


Name. 

Formula 

Melting- 

point, 

Df‘K C 

Hoiling- 

puint, 

Dor. C. 


CHi CHi 



Perhydroaoeaaphtbene 

1 1 

CHi CH- CH CH CHt 

1 1 1 

CHi ClIj-CH CIIi CH» 

CIl, CIU CH CH CHrCHi 

1 II 1 


235 

Porbydrofluonae. 

1 II 1 

CllfCH* CH CH CHi CH* 

\/ 

CHi 

CHi CHi CH-Cn CHi CHi 

1 II 1 


230 

Perhydrophoaantbrene 

1 II 1 

CHfCHi CH CH Clh CHi 

1 ! 

CHi—CHi 

CHi CHi CH CIIi CH CHi CHi 


272 

Perhydroanthracooe ... 

1 1 1 1 

CHi CHi CH CHj CH CHj CHi 

/CHi— CH— CH—CIIk 

CH/ I i )CH, 

^CHi— CH— CH— CH/ 

88 

270 

d-Tricyclodekane 

0 

. 


CnHjn-i Series — Unsaturated — Thkek Doudlk Bonds— Monocyclic- 
“ Benzenes” 

The benzenes constitute one of the most in>i)ortant series of hydrocarbons, and 
form the basis for many valuable organic romi)Ounds, including the “coal tar” 
dyes and drugs. The lowest member of this series is the hydrocarlx)iiB benzol or 
bwzene, CtHa. Its exact structure is represented by the following diagram: 


H Jl H 


\ 

H 


Which, for the sake of con- 
venience, is abbreviated by the 
following symbol: 


0 
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^‘This is known as the ‘‘iM'nzol ring,” consisting of six carl)on atoms Joined 
together with single and double bonds alternately, and each united wth a single 
atom of hydrogen. 

The principal members of the lx‘nzene series, Cnlljn-*, are shown in the fdlow- 
ing table: 

TABLE XI — Cnllin-I SERIlvS “ BENZENFS"— MONOCYCI.IC— UNHATimATED— 
DOUBLE BCNaS 


aifi 

CtHi 

Ciliio 

Ctll.i 

CwHu 


CiiHie 


C.H. 'B P 


('.IL f'Hi ToIimJ (110“) 


C8lb(CHi)i XyloU-M 
(Ortho -142®. Motn-l.lO®, 

P.'ira - l.lfi®) 

CcHfCiHi Etbyl-bt'nioi (134°) 

TrimothyllK«niol<‘s (3) 

1-3-5 ^Mcsuylcnc llCJl®) 
1-2-4 = Paotidocunu'ne 
(1G9®) 

1-2-3 = Hpinimpllithfne 
(175°) 

C.lMCHUtCiHi) 

Ef hy!mrthvllM*i,*<»W v3) 
(Kthyltoluolei) 

C.IU (CVb) 

Propylb<‘n»olMi (2) 
Normnl-propyl-boniolo 
(157°) 

I«opropyl-bpn»ole (153°) 


C;tHt(CHi)4 

(’4HitC'll>)»(('jIU) 

Uiinrjii*)! 

CiHilCiH*) 

Tplrimothylboniolea (3) 

' EthyhliinPlhyl- 

l>iothvllM*niolp« 

Butylbpniolmi 

1.2.4..5«<I)urt*nc (190°) 

brniolrw 

( 1 |n«)lll(‘rH |) 0 «- 

(4 iiM>mpn 

1-2-3-5 -Iflotltirrnr (195°) 

(0 ii»om«T« jmjh- 

Hiblf) 

poMible) 




1 

1-4;-.3-4 “l-TClinitoI IJU4 ; 


(',ll4(C:Hi)(('iHr) 




M«>) h> Ipropy ioli‘« 




(0 IHorUPtH IMMIHlblp) 




1-4 «Cvnu*iic (170°) 



r»H(CHi)i Poritanx tlnllxMuoI (2.11®). C«Ht(CtHn) AniyllM-niol, otc. 


Cl, II, 8 Ci(CHi)« IlPiami-thylbontol (204®), (’«lh(U»Hi)i Tru-tliyibcueol; 

r,4Ha C8H»(tMI,7) Octylbcn»ol, C’^illitCtHi)# Tftracthyllieniol 


C„H» C«(('8ll»)i IIpjaftDiylbrnrol (305®). 


Members of the l>enzene .series arc present in coal tars, water-gas tar and 
other high-temperature distillates. Uoul tars, liowevcr, constitute the most prolific 
source of the l>enzencs. They are present to a small extent in lignite tar, and 
only in very small quantities in petroleum. Traces have been identified in petro- 
leums obtained from Elomeo, Sumatra, Java, Japan, and to a very small extent 
in certain varieties from California. 
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CnHin-« TO CnHjn-io SERIES— UnSATURATED—MoNOCYCUC AND PoLYCTCLlC 

These are grouped together for the sake of convenience. A brief description 
will be given of the respective series, together with their principal members. 

• CnHjn-i Series, of which the principal member is phenylethelene, CellB-CH : CHj. 
This series is composed of the benzol nucleus with an unsaturated side chain. 

CaH 2 n-io Series, of which the principal member is phenylacetylenc, CJL'C . CH. 
This series is composed of the benzol nucleus with a side chain corresponding to 
the acetylene series. It is not of importance. 

CnHjn-ii Series, known as the “naphthalenes.” 

The principal member of this series is naphthalene, CioHs, which is represented 
graphically as: 


\ 


H 11 

^ ^ n 


(; 


/ v/ N/ 

“ 1 I “ 

H H 


And for the sake of 
brevity, by the symbol: 


\/\. 


Naphthalene has a crystalline structure and a characteristic odor. It is found 
principally in coal tar. Other members of this .series are methyl naphthalene, 
CioHt'CHj, dimethyl naphthalene, (VdlfifCIL)*, ethyl naphthalene. C.uHt-CjIL, etc. ' 

CnHjn-u Series, known as the “diphenyls.” 

The principal member of this is diphenyl, (ViHir, which is represented graphically 
by the following formula; 

/ ' ^ / \ 

\ ./ / 

The next meml>er of this series is methyl diphenyl, Onllu. The CnHzn u 
hydrocarbons also include the acenaphthem* series, which is an isomer of the pre- 
ceding. The first memlier of this .series is known as acenaphthene, which 

is represented graphically as follows: 



CnHjB-ie Series, including the diphcnylenes of which the first member is flu- 
orene, CuHio: 
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This series also includes the substance known as stilbene (diphenylethylene) 
C«Hs CH :CH C,H5. 

CnHin-is Series, known as “anthracenes," of which anthracene, CuHio is the 
principal member. Anthracene may be illustrated graphically by the following 
formula: 



Retcne is also a memlw of this series. 

CnIUn -in Series, of which “fluoranthene," CuHio is the principal member. 

CnHjn-ii Series, of which “pyrene," CiJIio, is the principal memlier. 

Cnllin-id Series, of which “dinaphthyl," is the principal meml>er. 

(’nHin -28 Series, of which no mcmliera have been isolated. 

CnH 2 n JO Scries, known as the “picenes," of which picene, CwHm, is the prin- 
cipal rneinlier. Picene is the highest mclting-|K)int hydrocarl)on which has been 
isolated It melts at 3(14® C., and occurs in lignite tar, coal tar and certain |H‘lro- 
leuin re-idues. 

'Phe hydrocarl>ons of the s(‘ries CnlUn h to ('nH«n-io occur in coal tar, and to 
a smaller extent in lignite tar and ix‘troleuin residues. 

OXYGENATED HODIF^ 

These include the following sulistances: 

Water, HjO. This occurs in small quantities in nil native petroleums and in 
most native .asphalts, espiecially those as.sociated with minend matter. Water is always 
present in crude tars, licing fonned by the combination of hydrogen and oxygen 
at high temperatures. 

Alcohols. The principal memliers are methyl alcohol, CH,OH, also known as 
wood alcohol, which is found in substantial quantities in wood tar, also ethyl alcohol, 
CjlIiOH, which is also prc.sent, but in very sm.all amounta. 

Acetone, CHj CO*CHj. This .sub.stance and its hornologuea are found in small 
quantities in wood tar, coal tar, and lignite tar. 

Fatty Acids. Acetic acid, (’IlrCXX)!!. is prc.sent in wood tars, and particularly 
those derived from hard woo<l8 Acetic acid ludongs to the .series CoHm f i f 'DOIl. 
The higher melting-point acids of this series including palmitic acid, CHi(("IIs ),4 (XX)H, 
stearic acid, CHi(CHj)i6*COOH, and the corresrionding esters and lactones are 
found in fatty-acid pitches. 

Resin Acids. These are found in pine tar an<l pine-tar pitch. The composition 
of these acids ha.s not yet l)cen definitely determined. 1'hcy are also present to 
a large extent in resin pitch. 

Phenols. The important memliers of this class of substances arc fihcnol or 
carbolic acid, CfHj-OH, cresol or methyl phenol, CH. C.H« OH, of which there are 
three isomers. These and the higher members of this series are present in coal 
tar and ligiiite tar. 

OXYGEKATED BODIES OP UNKWOWB COMPOSITION 

Many substances containing oxygen of which the exact composition has not yet licen 
determined are present in the non-asphaltic pyrobitumens, also to a small extent in 
tars, pitches, and aspholtites. 



42 


ASPHALTS AND ALLIED SUBSTANCES 


NITROGENOUS BODIES 


AmttwMiiM, NHi, and ammonium compounds are found in coal tar. 


pyridine, C»H|-N or and derivatives of pyridine including methyl pyri- 

dine (also known as picolin, CHi CiHrN), dimethyl pyridine, etc., are found in 
coal tar, lignite tar, petroleum asphalts and pitches. 

Quinoline, C1H7N, and its derivatives are also present in these materials. 


IfITROOEWOUS BODIES OP UNKNOWN COMPOSITION 

These are present in petroleums, asphalts, pyrobitumcns, tars and pitches, in rela- 
tively small quantities. 


SULPHURATED BODIES 

The exact chemical composition of the substanrea containing sulphur has not 
yet been thoroughly investigated. There are, however, nutnerou.s .sulphurous com- 
pounds in bitumens, pyrobituraens, tars and pitches, including the mercaptanes, 
thiophenes, and their derivative.s, also substances of analogous composition. Small 
amounts of hydrogen sulphide, HiS, are found associated with petroleum and 
asphalt, and in the distillates of coal and lignite 

It will be gathered from the preceding that the chemistry of bituminous sub- 
stances is very complicated, duo to the fact that no commercial product has a 
definite composition, but consists of mi.xtures of numerous chemical substances in 
varying proportions. At the present time certain of the.se substances have been 
identified, but there is still a vast amount of work to lie done in arriving at the 
exact composition of the individual chemical l)odies pre.sent in bituminous sub- 
stances. Although comparatively little is known regarding the exact chemical 
substances present in coals and asphalts, the composition of petroleum and 
various tars has been largely unravelled. Hundreds of definite chemical substances 
have been identified in petroleum, and hundreds have l>een separated from coal 
tar. No two petroleums arc alike in composition. In some, certain chemical sub- 
stances predominate, in others they are absent, or pre.sent in smaller amounts. 
The same holds true with tars, pitches, and asphalts. In certain cases, comparatively 
simple methods have been devised for identifying single chemical bodies present and 
thus furnish a means of ascertaining the origin of the substance under examination 

PERCENTAGES OF THE ELEMENTS PRESENT IN BITUMI- 
NOUS SUBSTANCES 

Bituminous substances are composed of the following elements: carbon, hydro- 
gen, oxygen, sulphur, and nitrogen. It is comparatively simple by analytical 
methods to determine the mere percentages of the elements present. An expres- 
sion of the percentages of the elements present in a substance is termed its uUi- 
moU analyfis, in contra-distinction to its exact chemical composition. The ultimate 
analysis will often furnish a clue as to its identity. 

The element nitrogen is rarely present in excess of 2 per cent of the non-mineral 
OOQftituents. Mineral waxes are usually free from nitrogen. Petroleum, asphalt. 
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Carboii. 
100 per cent 



Hydroftn. 

lOOpwrerat 


Fig. 11. — Trilinonr Coonlinatos on un E<|uil.‘Uoral Trianglo. 


asphaltitea and pyroltituincns contain !iinount.s varying from a trace* to 1.7 per 
cent of nitrogen. 'Pars and pitclies contain from 0 to 1 per cent of nitrogen. 


The i^ercentage of .sul[)hur in 
bituminous materials varies con- 
.siderably. Ozokerite, paralline 
wax, montan \va,\, coal tar, coal- 
tar pitch, pine tar, pine-tar pitch, 
hardwood tar, hardwood-tar pitch, 
and fatty-acid pitch arc practi- 
cally free from sulphur. 

In petroleum, the .sulphur 
varies from a trace to 5 jier cent 
as a maximum. Mexican }>etro- 
leum contains iKJtween 3 and 5 
per cent. Trinidad and California 
petroleums contain approximately 
5 to 4 per cent. Mixed-base pe- 
troleums including the Mid-conti- 
nental and Texas oils contain from 
a trace to about 2J per cent. 
Paraffinaceous petroleums contain 
merely a trace. Residual oils con- 
tain from a trace to 5 per cent. 
Residual asphalt, blown asphalt, 


100 % 

H 



Fiq. 12.— Trilinear Coordinates on an Isoeoelee 
Triangle. 


sludge asphalt, native asphalts, asphaltites, asphaltic pyrobitumens, and non-aaphaltio 
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• * *i*^^<* 'uaBojpXH 



^Tteknie^ Paptr S 0 , M. U. 8. Depwtmeot 
lOlft, 


pyrobitumens contain from a trace 
to 10 per cent of sulphur. Tars and 
pitches derived from non-asphaltic 
pyrobitumens contain from a trace to 
li per cent. 

As far as we can determine, the 
presence of nitit^en and sulphur vary 
according to no known laws and may 
therefore be regarded as adventitious. 
On the other hand, the percentages 
of carbon, hydrogen, and oxygen 
appear to follow well*defined laws, 
and may be used as criteria to differ- 
entiate between the various classes 
of bituminous materials. The in- 
vestigations of 0. C. Ralston* have 
done much to clear up this subject. 
Analyses are first calculated to a 
moisture-free, ash-free, nitrogen-free, 
and sulphur-free basis, so that the 
percentages of carbon, hydrogen, and 
oxygen will add up to 100 per cent. 
The results are then plotted on a 
special type of trilinear coordinates. 

To explain this we will first refer 
to the usual fonn of trilinear co- 
ordinates adapted io substances com- 
posed of the three elements carbon, 
hydrogen, and oxygen, illustrated in 
Fig, 11. It is more convenient, how- 
ever, to use an isosceles right-angle 
triangle as shown in Fig. 12. Since 
none of the bituminous substances 
contain more than 15 per cent of 
hydrogen, only the part of the tri- 
angle represented by the shaded 
section in the preceding iUustration 
need be used. Fig. 13 shows the 
shaded portion of Fig. 12 drawn on 
an enlarged scale, on which are plotted 
the typical bituminous substances. 

The percentages of oxygen con- 
tamed in the more important bitu- 
minous materials (calculated on the 
mineral-free basis) are shown in 
Table XXXV on page 483 . With the 
exception of the non-asphaltic pyro- 
bitumens, the percentage of oxygen 

Interior, Bunnu ol Mines, Wnah., D. C. 
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does not exceed 6. This is significant. The hydrogen, on the otiter hand, never exceeds 
15 per cent. In the paraffine series of hydrocarbons, the carbon is combined with 
as much hydrogen as possible, and this accordingly contains the largest percentage 
of hydrogen and the smallest percentage of carbon. The lowest member of thjs 
series CHi, a gas, contains 75 per cent of carbon and 25 per cent of hydrogen. 
The member CsoHm contains 85.31 per cent of carbon and 14.69 per cent <rf hydro- 
gen. In the olefine series CnHm, the relation of carbon to hydrogen is constant, 
and figures: carbon 85.71 per cent and hydrogen 14.29 per cent. 

The greatest percentage of carbon found in any bituminous substance is in 
the case of anthracite coal, which runs as high as ^ per cent. The smallest per- 
centage is contained in certain peats, which run as low as 50 per cent With the 
exception of the non-asphaltic pyrobitumens, carbon ranges from 85 to 95 per cent. 
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GEOLOGY AND ORIGIN OF BITUMENS AND PYROBITUMENS 

Geology 

Age of the Geological Formations. The earth’s crust has been divided 
into natural groups or strata in the order of their antiquity. There are 
five main divisions, which range in sequence as follows: 

1. Quarternary or Post-tertiary, representing the strata now in the 
process of formation. 

2. Tertiary or Caenozoic, embracing the age of recent life. 

3. Secondary or Mesozoic, representing the less recent life. 

4. Primary or Paleozoic, representing the so-called “ ancient life.” 

6. Archaean or Azoic, representing the so-called lifeless strata. 

These divisions are recognized by the distinctive organic remains, 
fossils, minerals and other characteristics. They are classified into various 
“systems” as shown in Table XII on th(‘ opi^osite page. 

The systems form a chronological time-chart indicating the relative 
ages of the earth’s strata. The systems are further sulMlividcd into groups 
which differ in different localities, but it will be unnecessary to consider 
their sub-classification here. 

Petroleum occurs in all of the geological horizons from the Recent down 
to the Pre-Cambrian. C’ertain sy.steins are riclier than others, especially 
the Pliocene, Miocene, Oligocene, Kocene, Carl^oniferous, Upper Devonian 
and Lower Silurian (Ordovician). A.'^phalts, jisphaltites and non-asphaltic 
pyrobituraens are found in all the systems from the Pliocene to the Silurian. 
Mineral waxes arc found largely in the Pliocene, Miocene, Oligocene, 
Eocene and Cretaceous. 

The non-asphaltic pyrobitumens do not occur in the older Paleo- 
zoic formations (i.e. the Silurian or Cambrian Systems). The C’arbonifer- 
ous System contains the most valuable coal deposits; the Permian and 
Triassic Systems contain coals of inferior (piality, and the coals found in 
the Jurassic, Cretaceous, Eocene and Oligocene Series arc still more 
inferior in quality. Lignite occurs in the Oligocene, and Miocene Series, 
and peat in the Pliocene and Pleistocene. The Pre-Cambrian Series 
OOnsists largely of crystalline, metamorphic rocks of volcanic and igneous 

4a 
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origin. The non-asphaltic pyrobitumcns, as might be expected, do not 
occur in rocks of this character. Graphite, however, occurs in the Pre- 
Cambrian rocks, and may possibly have been derived from vegetable 
matter, although no signs of associated plant remains have been found in 
these rocks. 

TABLE XII 


Era. 

Quarternary or Post- 
tertiary . . . 


Ststem. 

Recent or Post-glacial 
pleistocene or Glacial 


Historic 

Prehistoric 

Nrolitbio 


Tertiary or Cjcnozoic 


Secondary or Mesozoic 


Pliocene 

Miocene 

Oligoceiie 

Eocene 

Cn'tacoous, . 


Jurassic. 

TriasRic 


Upper 
Middle 
I ower 

UplHT 

Middle 

Lower 


Primary or Paleozoic 


Permian 

^ f Upper 
Carbouucrous \ j 

( Upper 
Middle 
Lower 

I UpiM-r 

, ilurian . ^ | ower (Ordovician) 


I 

• ^ 
. I 


'pper 

Mid.lle 


I Cambrian 

Arcb«.n or A.oic. Pro-Combnoo 

The particular geological sysle.ii is of value in enabling us to prosi»ct 
and trace deceits of bUu.ncs an.l pyrohitu.n.a.s in any g.ven oeahty. 

Character^f the AssocUted Minerals. Bitumens an.l pyrob. umens, 
with b^t few exceptions, are found in se.limon(ary de[)Os.ts of sand, sand- 
Ttone Lestonc and sometimes in shale an.l clay. Hare occurrences have 
STn reported in igneous rocks, hut then only in very small quantities^ 

Mod^s of Occurrence. Bitumens and pyrobitumcns arc found m 
nature in the following ways: 


1. Overflows: 

(а) Springs. 

(б) Lakes. 
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2. Impregnating Rocks: 

(а) Subterranean pools or reservoirs. 

(б) Horizontal rock strata. 

• (c) Vertical rock strata. 

3. Filling Veins: 

(a) Caused by vertical cleavage. 

(h) ('aused by upturning. 

(c) (’aused by .sliding. 

(d) Formed by .sedimentation. 

Springs. I’etrolniim and ilin liquid fonns of .'mplialt only arc found in .«iprings 
(Fig. 14). The.se erihinate from a fiasure, crevice, or fault which i)ernut8 the petro- 
leum or liqiiid a.sphalt to rise to the surface from some depth. Petroleum or 
asphalt springs have hcen refwrted in various parts of the world, but are rarely of 
commercial importance. 

Lakes. Asphalt only i.s .sometimes found in lakes, which are in reality .springs 
on a very large scale (Fig. I.*)). Some of our largest and most valuable de{K)sit8 
occur in this form, the l)est known la'ing the lakes at Trinidad and Venezuela. 
It is probable that the a.sphalt is forced up from Ik‘1ow in a Iniuid or , semi-liquid 
condition by the pro.s.surc of the oil and g.^-s underneath, which causes it to flow 
through a fissure or fault un<l sjiread over a large area at the surface. Lake 
asphalts are moderately soft where they emanate, but harden on exposure to the 
elements. 

Seepages. These occur in the ciuse of petroleum or li<|uid a.sphalts, and u.sually 
from cliffs or mountains bearing impregnated rock, lather the i)re.ssure of the 
material itself or the heat of the sun causi*.s a certain quantity, usually not very 
large, to flow out of the rock and run towards the lower level. (Fig S(*ei)age.s 

are often found whore a rapidly flowing stream of water cut.s it.s way through 
strata of rock imjiregnateil with |K'troleum or a.sphalt. From a commercial stand- 
point, seepages of asphalt or iietroleum are of little value 

Subterranean Pools or Reservoirs. Practically all deposits of petroleum of any 
magnitude occur lielow the .surface of the earth in subterranean ‘‘pools” or “reser- 
voirs." These consist of porous sand, .sandstone, limestone (or dolomite) with a 
more or less impervious rock cover. 'I'hc porous lied is exemplified by coarse-grained 
sandstone, conglomerate, or limestone. The limestone may have U'cn dense a.s it 
existed originally, but rendered fKirous in the course of time by eonver.don into 
dolomite, with the con.so(iuent production of voids <lue to shrinkage, since dolomite 
occupies loss space than the original limestone. The iMdroleum i.s carried in the 
interstices of the {wirous rock and prcventeil from volatilizing or escaping by an 
impervious cover known as the “cap-rock,” usually compo.sed of shale or a den.se 
limestone. The main supplies of petroleum have been obtained from regions which 
have been comparatively undisturlicd by terrestrial movements. In such ca.sea the 
accumulation of petroleum underneath forms what is known lis a “j>ool" or “res- 
ervoir" (Fig. 17). 

Impregnated Rock in Strata. Liquid to semi-liquid asphalts occur in this man- 
ner. Rocks impregnated with asphalt are produced in two ways, viz.: 

(1) By the |;radual evaporation and hardening of an asphaltic petroleum du? 
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no. 16 



Impregnated Horizontal Strata 
FI6.I8 


Impregnated Strata in Thrust 
no.i 6 



^ultTiu^ciUed by oVovege Fault F.ll.ng caused by Upturning 

^ no.20 no. Cl 



Vein Fining Mused bv sliding of btritt Veins formed^by^Sedimentotion 

mmmm 


MM; 


Pure Ro^AlljXm Sand Sand Limestone Clay Shale Orartltf 
Asphalt Asphalt Stone 


Figs. 14-2;J. 
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perhaps to the disturbing or removal of the cap-rock, leaving the asphalt residue 
filling the interstices of the stratum carrying it. These are usually found in hori- 
zontal strata (Fig. 18). 

(2) By the liquid asphalt being forced upward under pressure, or drawn up- 
^^ard by capillarity from underlying strata into a porous rock layer above it. 
These are usually found in the region of a ‘‘thrust" or upturning of the earth’s 
strata (Fig. 19). 

Filling Veins. The harder asphalts, asphaltites and asphaltic pyrobitumens are 
most commonly found filling fksures in a more or less vertical direction, caused 
by "faulting." In geology, a "fault” is a more or less vertical crack in the earth’s 
surface brought alx)ut by the contraction and uneven .settling of the strata. This 
is occasioned by a greater movement in the rock on one side of the fault’s plane 
than on the other, as illustrated in Fig. 20, or by the upturning of a section of 
the earth’s crust as shown in Fig. 21. Faults allow the liquid or molten asphalt 
to force its way up from underneath and fill the crevice. As will be described 
later, after the a.sr)halt hardens in the fault, it might in time Ixjcome metamor- 
phosized and converted into an asphaltite or a.sphaltic pyrobitumen. Non-asphaltic 
pyrobitumens are never found in faults, probably bccau.se they arc incapable of 
softening or melting under the action of heat, either in their original state or 
afterwards. 

Sometimes wo find the harder asphalts, asphaltities and asphaltic pyrobitumens 
filling a more or less horizontal fi.ssure or cleavage crack, brought alx)ut by the 
sliding of two strata, one u|)on the othor. The opening between the strata l)ecome 9 
filled with the liquid or m(*ltcd asphalt, forced up under pressure through a crevice 
from below, which then hardens, giving rise to a horizontal vein as .shown in Fig. 22. 

Horizontal veins are .sometimes derived from prehistoric a.sphalt "lakes," per- 
haps similar to our present Trinidail or Venezuela lakes In time, these harden, 
and become submerged in water, due perhaps to a movement in the level of the 
earth’s crust. The water fKTinits the sedimentation of mineral matter, so that the 
lake is gradually converted into a horizontal vein. If the liquid asphalt again 
breaks through a fault or fissure, it will form a HUi)erimpo.sed vein, or perhaps a 
8erie.s of such veins between sediments, lus shown in Fig. 23. 

In the ca.se of non-iusphaltic pyrobitumens, the veins were unquestionably formed 
by a process of sedimentation. The vegetation from which the.se were derived, 
originally grew in swampy or marshy localities, pre.sumably about the mouths of 
rivers. As the vegetation died, it became covered with sediments of sand or clay 
carried down by the water, or by calcium carbonate precipitated from the water, 
which in turn formed soil for sub.sequent growths. The.se gave rise to the future 
veins of non-asphaltic pyrobitumens, which are similar structurally to the pre- 
ceding (Fig. 23). 

Movement of Bitumens in the Earth’s Strata. It is a singular fact 
that petroleum, mineral waxes, asphalts and asphaltites are not always 
found in the same locality in which they originated. They have the power 
of migrating from place to place, and many deposits are still in the proc- 
ess of migration. A “ primary deposit ” is one in which the bituminous 
material is still associated with the same rocks in which it originated. 
A “ secondary deposit is one to which the material has subsequently 
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migrated. Bitumens usually migrate while in a liquid or melted con- 
dition, although in certain rare instances the migration has l^ecn induced 
by the action of flowing water while the bitumen is in the solid state. 

The main causes for the movement of native bituminous substances in the earth's 
surface are as follows: 

(1) Hydrostatic Pressure. This is largely resixjnsible for the accumulation of 
petroleum in pools or reservoirs. At some distance Wlow the earth’s surface there 
is an accumulation of ground water, the level of which varies in difTeitmt localities 
and during different seasons. The petroleum, l)eing lighter than the water, floats 
on its surface. As the level of the ground water varie.^, it will move the |)etroleum 
about through interstices in the rock. The water tends to push the oil ahead of 
it, and this will account for the accumulation of the petroleum in the form of 
pools or reservoirs underneath a cap of a den.se and non-i>orou8 strata through which 
it cannot permeate. This will also explain why there is often an accumulation of 
petroleum in the ground near the top of a hill or inountain. Oil and gus arc often 
encountered under pres.sure, due to the hydrostatic head of water. 

Hydro.static pre.ssure may abo cau.^H* the migration of solid asphalts, n« for 
example in the ca.se of the Dead Sea, when* nm.s.ses iK'come detached from the Inittom and 
are cau.scd to float upward by the higher gravity of the water, due to the largo 
percentage of .salt dissolved in it. 

(2) Gas Pressure. It is probable that the action of the heat or other forces 

below the surface of the earth, tend to partially vaiKirize certain bitumens, so that 

the resulting gas will force them into the overlying strata near the surface. In 
other in.stance.s the efTect of faulting, crumpling, upturning, erosion end other move- 
ments of the earth’s strata exposes the oil- or itsplialt-liearing formations, and enables 
the gas pressure to force them to the surface. Natural gas exist.s under great 
pre.ssure in certain localities. Many gas well.s in the Baku and Pennsylvania 
fields have registered a pres-sure of (iOO to 8(K) lb., and even os high as 1000 lb. 

per square inch. This may be accounted for by the fact that as the gnu 

constantly Ixjing generated, it accumulates inside of the earth’s surface and han no 
access to e.scape owing to the density of the strata aliove. 

(3) Capillarity. This force takes place in dry iioroiis ro<ka and acts on per- 
manently liquid bitumens, or bitumens .solid at ordinary temtHTiitures but trans- 

formed to the melted state by the action of heat. Under tliijae conditions the 
bitumen will .soak into the pores of the rock or sand and gradually fill the inter- 
stices. Capillarity is a very much stronger fonc than gravity, although other 

forces, such as the action of heat (see under ,'>) may l)e partly responsible. The 

finer the pores in the rock, the greater the capillary force. Rocks saturated with 
moisture tend to resist the action of capillarity, which is most effective in the 
dry state. 

(4) Grantation. The natural weight of the overlying strata caused by gravi- 
tation sets up a pre.s8ure where there are accumulations of jM-troleum or other 
forms of liquid bitumen underneath, and if a fissure or fault occurs in the earth s 
crust, the bitumen lieing softer than the surrounding rock, will l)c forced to the 
surface. Gravitation is therefore selective in its action and by exerting a greater 
pull on the heavier txxiies will tend to force the lighter ones upward. Under other 
circumstances, where the sulwtances are not confine<l, the result of gravitation is 
to cause the petroleum or liquid asphalt to oo*e from the over-lying rock matrix 
in the form of “seepages.” 
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(5) Effect of Heat. Heat ia also a large factor in causing the migration of 
bituminous substances. Its effect is variable. Under certain circumstances it will 
convert the solid bitumens into a liquid state and thus enable them to be acted upon 
by the various forces considered previously. Under other conditions, heat in the 
interior of the earth will vaporize the bitumens such as petroleum and force them 
upward. Again, if the heat is sufficiently intense, it is apt to cause the bitumens 
to undergo destructive distillation, the distillate condensing in the upper and cooler 
layers. 


Origin and Metamorphosis of Bitumens and Asphaltic 
Pyrobitumens 

Probable Origin of Bitumens and Asphaltic Pyrobitumens. Although 
much has been written on this subject, no generally acceptable conclu- 
sions have been reached. The discussion luus in the main centered about 
the origin of petroleum, as this is conceded to be the mother substance, 
from which the other bitumens and pyrobitumens are supposed to be 
produced by a process of metamorphosis. The thcoiies have been divided 
into two classes, namely, the inorganic and the organic. We will con- 
sider these in greater detail. 

Inorganic Theories. It is contended that the interior of the earth 
contains free alkaline metals, presumably in a melted condition. These 
at high temperatures would react with carlx)n dioxide forming acetylides 
which in turn produce hydrocarbons of the acetylene scries upon coming 
in contact with water. The acetylenes being iinsaturated w'ould have 
a tendency to combine with free hydrogen and give rise to the olefine 
and paraffine series. 

Still another theory based on similar lines, assumes the presence 
of metal carbides, including iron carbide, some distance below the sur- 
face of the earth. These arc supposed to decompose on coming in con- 
tact with water and produce hydrocarbons, which upon condensing 
in the cooler upper strata give rise to petroleum. This, however, is 
mere speculation, for no iron carbide has ever l)een found. The occur- 
rence of hydrocarbon gases in volcanic emanations has been cited to 
substantiate this theory. 

The cosmical hypothesis is based upon the assumption that hydro- 
carbons were present in the atmosphere which originally surrounded 
the earth, after it had been thrown off by the sun. These hydrocarbons 
are claimed to have been formed by a direct combination of the elements 
carbon and hydrogen in the cosmic mass. As the earth cooled, the 
hydrocarbons condensed in the earth’s crust, giving rise to deposits similar 
to those existing to-day. Tliis theory has also been connected with the 
carbide theories, upon the assumption that at the high temperatures to 
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which the gases must have Ixjen subjectetl at the time tliey were thrown 
off by the sun, and before they condensed, the first compounds formed 
were carbides, silicides, nitrides, and the like. As o.xidation would not 
commence until some time later, it is assumed that these c-arhides would 
remain locked up in the interior of the earth for geologic ages, and 
then gradually give rise to hydrocarl)on8 upon being decomposed through 


the agency of water. 

Vegetable Theories. It has long been known that certain hydro- 
carbons result during the decay of vegetation. The hydrocarlx)n methane 
(CH4), otherwise known as “ marsh gas ” is produce<l in this manner, 
but only in comparatively small amounts. Similarly methane has been 
detected in the gases resulting during the decay of seaweed. 

It has been shown by others that under certain conditions hydro- 
carbons may l>c produced artificially by the fermentation and decay of 
certain forms of cellulose, including woody fibre. Still other scientists 
maintain that petroleum is produced by microscopic plants known as 
diatoms, which occur abundantly in peat l)eds, and certain l>og8. 1 hese 
organisms are found to contain minute globules of oily matter distributed 
in the plasma, and moreover, a waxy substance restwbling ozokerite niay 
1)0 extracted by solvents from the diatomaceous i)cat. It is contendec 
that this oil will in time and under pressure become converted into liquid 
netroleum, and at higher temperatuies and pressures jxissibly into asphalt. 
In support of this hypothesis a bed of peat has l)een descnlKx near 
Stettin, Ciermany, consisting largely of diatoms and from which hydro- 

carlx)nshavel)ecnextractedinquantitie8upto4i)ercent. . , . , 

Another theory based on similar lines, infers that petroleum is deriveci 
from a slimy substance rich in organic matter known as “ saproriel, 
eoiniwscd largely of alga:, which accu.nulatca at the Ixjttotn of a tagnant 
watL. This slime la:cou.c.s eoveml w.lh «e<h.nent« wh.<h through the 
agency time and pressure, is assumed to give rise to petroleum, and 

under certain conditions, to asphalt. 

In a similar manner, bitumens arc claimeil to have been formed tom 
deposits of vegetable matter, including various marine plants, s^weeds, 
etc*^ which accumulate at the bottom of the ocean. Just as the non- 
asphaltic pyrobitumens (e.g., coal) are produ^ by the decomposition 
of ^terrestrial vegetation, it is contended that bitumens have ariMn fiom 
the decay of marine plants. This theory has a numlier of ^herente. 
The optiL activity of certain petroleums has lieen cited to su^tantiate 
the contention, since oils derived tom or^n.c matter can only ^ 
this property. It has l)ccn proven that hydrocarlxms produced tom 
inorgLirsubstances, such as metal carbides, do not exhibit optical aeUvity. 



64 


ASPHALTS AND ALLIED SUBSTANCES 


Still another theory, advocating the vegetable origin of petroleum, 
assumes its derivation from peat, lignite or coal, which have been sub- 
jected to a sufficiently high temperature to undergo a process of destruc- 
tive distillation, resulting in the production of liquid and gaseous hydro- 
carbons. This is supposed to have occurred at great depths below the 
earth’s surface and the hydrocarl)ons condensed in upper layers. 

The asphaltic pyrobituminous shales are similarly claimed to have 
generated petroleum under the action of heat, based on the well-known 
fact that when these shales are distilled commercially, petroleum-like 
oils are produced. It is contended that the shales themselves were 
derived from gelatinous algse whose remains are still recognizable in 
certain of them with the aid of a microscope. 

Animal Theories. In a similar manner, petroleum and asphalt are sup- 
posed to have been produced from the accumulation of animal matter 
at the bottom of the ocean, which in time decomposed into hydro- 
carl)ons. The presence of nitrogen in all fonns of bitumen, is cited in 
substantiation of its production from albuminoid matter. The remains of 
molluscs and fish are present in certain asphaltic pyrobituminous shales, 
including the Albert scries of New Brunswick, and in many rocks carry- 
ing petroleum and asphalt. I)eix)sits of the latter have been reported 
in (lalicia, Wyoming, and aiv particularly noticeable in the case of oil 
and asphalt deposits in Uvalde County, Texas, and southeastern Cali- 
fornia. In Egypt, shells arc also found filled with bitumen. Others 
contend that the living cells are in some manner absorbed into the pores 
of coral reefs, and that these in time result in the formation of bituminous 
limestone. 

Substances closely resembling petroleum and bitumens have been 
produced artificially by subjecting fish albumin to heat, under pressure. 
Animal fats have similarly been converted into hydrocarbons boiling 
below 300® C. (Sec p. 330.) The conversion of fats and albuminous 
substances into petroleum is said to depend upon three factors, namely, 
pressure, temperature and time. The variations in the composition 
of petroleum found in dififci*ent localities, is accounted for by variations 
in one or more of these factors. 

In conclusion it might he stated that probably all three theories 
embody certain elements of truth. The cosmical hypothesis is sustained 
by the fact that hydrocarl)ons have often been found in meteorites (see 
p. 79). The inorganic theory is borne out by the fact that hydrocarlx)ns 
occur in volcanic emanations. The vegetable and animal theories in turn 
are supported by the presence of bitumens and pyrobitumens in rocks of 
sedimentary character, often canying vegetable and animal fossil remains. 
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It is highly probable, therefore, that bitumens owe their origin to two or 
more of the theories which have lx?en discussed, which would account 
for their varying chemical composition and ph>’8ical characteristics. 

Metamorphosis of Mineral Waxes, Asphalts, Asphaltites and Asphtltie- 
Pyrobitumens from Petroleum. Although there seems to l)e a wide 
difference of opinion regarding the origin of petroleum, authorities are 
pretty well agreed that petroleum when once formed, is gradually con- 
verted into the other types of bitumen and pyrobitumens, pnder the 
influence of time, heat and pressure. This process of transfonnation 
is known as “ metamorphasis/' 

It is contended that mineral matter is a finely divided form, as for 
example “ colloidal ” clay, hastens this tninsformation by acting as a 
catalyzer. This theory is advance<l by ('lifford Richardson.' In study- 
ing the well-known Trinidad asphalt lake deix^it, Richardson concludes 
that an asphaltic petroleum existing at a considerable depth is converted 
into a more solid form of bitumen, namely iisphalt, upon being thoroughly 
emulsified with colloidal clay, sand and water through the medium of 
n'ltural gas at a high pressure. The elements of time and temperature 
are equally important factors. 

During the metamorphosis, hydrogen is gradually eliminated, the 
hydrocarbons becoming enriched in carbon, and from a chemical stand- 
point more complex structurally. The changes brought al)out during 
this process may be regarded as a form of |)olymerization, in which the 
hydrocarbon molecules l)ecome rearranged into more complex molecules 
of higher molecular weight. 

The simplest hydrocarbons are present in petroleum. Those in 
mineral waxes are .somewhat more complex, and l)Oth the structu^ 
complexity and the molecular weight increase in the caae of aaphalte 
and the asphaltic pyrobitumens. There are no sharp lines of demarcation 
between the various tyi)es of bitumens or asphaltic pyrobitumens. Each 
class gradually merges into another, and sj^ecimens will often be found 
on the border line, so that it is difficult U) decide to which class they 


actually l>elopg. (See p. 127.) . • j i 

From this view-point wc may regard petroleums as passing in gradual 
stages, under the influence of time, heat, pressure and catalyzers into 
the soft native asphalts, which in turn pass into harder native asphalts, 
then into asphaltites and finally into the asphaltic pyrobitumens and 
asphaltic pyrobituniinous shales.^ 

Ind. Eno, Chem , S, 3. .ml 493; 1916. MH. Chem. En, , If. 3. 1917; St. Paul (Minn.) Eng. 

^*^*^*d» c! F. M*lK‘ry."'**The R«l»tloni in Coinpo.itioii of the DUT.rpnt Forro. ot Nftturol 
Bitumen*." J. Am. Chem. 8oc . If. 2016, 1917. 
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It is highly probable that all deposits of asphalt are produced by 
metamorphosis from asphaltic petroleum. Similarly it seems likely that all 
deposits of mineral wax, such as ozokerite, etc., result from the meta- 
morphosis of paraffinaceous petroleum. 

The transformation manifests itself from a physical standpoint by: 

(1) An incroaHO in .specific gravity. 

(2) An in(‘r('as(‘ in fu.sing-poini. 

(3) An incr(‘a.s(‘ in har(lne.s.s. 

(4) An incr(‘jis(‘ in the pereiaitage of fixed carbon. 

(5) A decii'Hse in the pereiMitage of solulile in carbon disulphide and 

naphtha. 

(0) A di'crease in th(‘ percentage of volatile matter. 

(7) An incr(*a.se in the tla.sh- and burning-points. 

Although certain members arc soluble in carlion disulphide, yet as the 
metamorphosis progresses, the solubility decreases, and this is particularly 
noticeable in the case of asphaltic pyrobitumens. 

Elateritc, wurtzilite, albert itc, impsonite and the asphaltic pyro- 
bituminous shales represent the final stages in the metamorphosis of 
petroleum. The first four are comparatively free from mineral matter. 
If the latter predominates, the product is known as an asphaltic pyro- 
bituminous shale. The non-mineral matter contained in these shales 
has the same general characteristics as elateritc, wurtzilite, albertite 
or impsonite, depending upon how far the metamorphosis has progressed. 

In this (‘onn(‘<*tion it i.s inten^sting to note thnt on di.stilling non-a.sphaltic or 
mixed-basi* petrohMun.s, .so that the rc.sidue in the still reiithcs a temperature 
between (MX) and HtXt' K., a form of |M)lymerization takes j)laee whereby asphalt- 
like substance-s arc [)rodiieed. In other word.s, the f)ereent4ige of .'isphalt in the 
petroleum is increasrd under these eoiiditions (p. 2tK>). 'there is a critical tem- 
perature which favors the production of these !wphalt-like Ixaiies, known in petro- 
leum refining as the ‘'asphalt-forming tem|)cratun* " If this temperature is in- 
creased, “cracking” takes fdace, in which the asphalt is destructively distilled and 
decomposed into simpler molecules. 

The asphaltic pyrobitumens Iwhave differently. \\’hen heated to Ixitween 600 
and 800" F., they undergo “cracking.” 'this is in reality a form flf depolymeriza- 
tion in which complex molecules are broken down into simpler ones. As a result, 
the original substance, which is practically insoluble in organic solvents, increases 
materially in solubility. Elateritc and wurtzilite depolymerize and become com- 
pletely soluble in benzol and carbon disulphide. Albertite is more difficult to depolym- 
erize than elateritc or wurtzilite, requiring a higher temperature and an increased 
time of treatment. On the other hand, impsonite depolymerizes only slightly 
under these conditions. If heated to higher temperatures, the asphaltic pyrobitu- 
mens suffer destructive distillation, leaving a residue of coke. The depolymeriia- 
tion is similar to the action which takes place on melting fossil resins, such as 
copal, amber, etc., in manufacturing varnish. 
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An interesting series of tests has been made in connection with oil shales, 
as shown in the following table: 
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TABl.K XIV- -Continued 
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Origin and Mktamoupiiosis ok Non-Asphaltic PYRonnrMEX.s 

The origin of non-jisphaltic pyrohitumons linu hern (iefiniloly (‘stiihlishod. 
The assofiaied fossil remains clearly prove that these have been derived 
from vegetable matter containing cellulose, a carbohydrate having the 
empirical formula (C oH ) oOs),. 

The dcpomixxsition of rellula'^o when the air is partly or wholly oxt’ltidnl, as 
would Ik* the ease when buried in the ground, re.stilts in the lass of rarbori diovidr, 
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niethiine, aiul water. In tins manner, cellulose ultimately yielils a scries of prod- 
ucts grouped under the heading of non-a>phaltic pyrtihitumens. The eonditions 
favonible to their proiluction s(‘em to U' the growth of vegetable substances nlxiut 
the mouth.s of rivers, combiiuHl with a change in water-level. The sivliment carried 
down by the river, formed beds of siiiid or clay which sealed the vt*getation Tn 
between the strata In this manner the vegetable matter was protectwl from 
atmospheric ovulation aiul at the same tune probably subjecttul to fermentative 
heat, also to a gradually increasing pres.sun*. as suci-e.ssive layers accumulated. 
The vegetation doubtlcsd> embraced many dilTerent kinds, including trees, ferna, 
gras.s(*s, mos.'.es, and the like Ko-mI ferns are still clearly evident in I'oal lieda. 
In other cases carlsmi/ed trei'.s, rmits and fibrous ti.ssue an' rectignizable, and in 
still otlu'rs, the resins originalK pn'siuit in the wood are found intact. Amlier 
and fossil copal oft<*n oiaair in jM'at. ami large mas.st‘s of n'sin have lu'en identified 
in beds of lignite and bituminous coal 

Peat represi'iits tlu' first stagi* in the metamorphosis of coal from vegetable 
matter, and occurs in laigs or other swampy plai’cs Very oftcui on tlu* surfai'O of 
a bog or swamp we see the still living and growing plants A little lu'low, we find 
their decayed remains, and still deeper, a black glutinous substance safurafed with 
moisture, known as “peat 

The exact nature of the changi's wlmh take plaa* in the transformation of 
vegetable matter info jieat is not clearly understoiul 'I'he ultimate analysis shows 
that the perc(‘ntag<*s of ludrogen and o\\gen have ilimmished, and carbon corre- 
spondingly mcreasetl. In tlu* most re«*ent ih'posits. |M*at is hnisely compiu’ted, but 
as it aceumulati>s under the seiliments, it becomes compressed A Ix'd which was 
fKissibly once a foot thick iniglit shrink to s(*\eral inches In all probability the 
pressiin* developed by the .sup('rini)>ost‘<l la\ers, auls in the transformation of peat 
into coal (see p IDSl. 

Lignite or browncoal is intermediate betwei'ii lU'at and bituminous coal. The 
most n'cent deposits approac*h [u'at m coiniKisition, and the oldesf merge into 
bituminous coal Lignite contains a larger lu'rcentage of carl)on and smaller |>rr- 
ceiitages of hydrogen and owgeii than peat. 

According to ('larke,* the lignites are groufied into .six cla.ss<*s, viz : 

(1) True lignite, m which the ligneous structure is more or less jicrfecfly pre- 
.served. 

(2) Earthy browncoal. wlm*h has an earthy stnicture, ami a dull lustre, ofU'n 
accompanied by mineral resins or w.'i\-like hydroearlK*ns,^ which may lx* extracted 
by means of carbon disulphide or lu'ii/.ol 

(d) (’ommon browncoal, which is a <*oinpacte<l form of lignite. 

(4) Pitch coal having a compact striu'ture and is so named on account of its 
peculiar pitch-like lustre. 

(5) (ilance coal, which is a very hard and compact form of lignite, clouely 
resembling bituminous coal. 


•"The Data of (Icochrn.imry." BuIIelin So 330, V. S nrofoBir»f Hurvey, Wa«h , 1) C, 1908. 

•The 8»»oeialed reitwiM or or asphnllN as they are termed by wmie, have been dearrlbed 

under various names, ineludiruj Anihrannenin*. Bomf.ierite, Branehile, Bulyrellite, DiniU*. 
Dopplerite, Duxite, U>8od«le, Euosmile, J ichlelite, Geomyrieite, Hartine, Hartile. Hofmanniie, 
Ionite, KflHachite, Lcurnpetnn, I>eucop«’tnte, Me|aneh>me, Mellite. .Middletonite, Muekite, Neu- 
dorfite, Neft-r.d, Phylorolbte, Pianrite, P>roretin, IPfikite, Ketinaaphalturo, Retinite, H*xhlwJerit«, 
Sehleretinite. Sieburjtite, TrinkeriO-. Walehowite. W bcefente, ete 
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(6) Jet, representing tin cxlrcnicly hard variety of lignite, claimed to have been 

derivod from coniferous woods. 

Cannel coal is in r(‘ality n .suhcKss of bituminous coal, rich in volatile matter. 

It is HU|)tM)sed to have l>ecn denvc<l from sfiores, s^jore cases, and resinous or waxy 
products of plants. 'I'lic alwence of woody material gives cannel coal a uniform 
texture and grain not |)re.sent in other coals, .so that it break.s with a conchoidal 
fracture, and a splinter ignites in contact with a lighted match, burning like a 
candle, whence it derives its name. (J. H Ashely‘ cla-s-sifies it as follows; 

(1) Subcanncl coal: 

(a) Hrown subcannel, of browncoal or lignite rank. 

(h) Black subcannel, of siibbituminous rank. 

(2) Cannel coal, of bituminous rank: 

(а) Boghead cannel (fuel ratio* le.ss than 05) 

(б) 'Pypical cannel (fuel ratio* betwi'cn 0 5 and 1). 

(r) Ix'an cannel or semicannel (fuel ratio * more than 1). 

(3) Canneloid or .senubitummous coal. 

Bituminous coal falls between lignite and anthracite coal. It is often a mat- 
ter of difficulty to d<‘t(‘rmine where the lignites .stop and the bituminous coals 
begin; similarly, the line of demarcation betw<>en bituminous and anthracite coals 
is not very distinct. Bituminous coals contain a larger jicrcentage of carlion and 
smaller percentages of hydrogen and oxygen than lignite. The name “bituminous 
coal” is deriveii from the fact that this coal a|)parently softens and undergoes 
fu.sion at a temperature .somewhat below that of actual combustion. 'I'he term, 
however, is a misnomer. 'I'he .softening which takes place marks the point at 
which d(‘stnictive distillation commences, accompanied by the formation of ga.seoiKS 
hydrocarbons “Bitumen" (I(m*s not aciitally exist in bituminous coal, which is 
easily proven by the fact that .solvents for bitumen such as carbon disiiljihide 
have no afipreciable efTect ujion it Bituminous coals contain a substantial portion 
of volatile matter, which causes them to burn more rapidly than anthracite, and 
with a larger amount of flame 'I'he so-called “coking coal” is a cla.ss of bitu- 
minous coal, u.sed in the manufaidure of coke 

Anthracite coal repre.sents the final stage in the transformation of vegetable 
matter into a non-cr\.stallme form It contains definite projiortions of hydrogen 
and oxygen (Vrtain forms of anthracite aiiproai-h gr.xiihite in their compasition. 
(Jraphite on the other hand is a crystallized mineral lomjKised entirely of carixm, 
and which is supposed to represent the final stage in the metamorphosis of coal. 
'Phe mode of occurrence ami microscopic structure of gra[)hite dejHisits «*orresj)ond 
closely with those of «*oal, giving ri.se to the Udief that Uith were derivod from a 
common .source. 

The following table shows the maMinum, minimum, and average percentages 
of carlxin, hydrtigen, oxygen, and nitrogen in wo<m1, peat, lignite, bituminous coal, 
anthracite coal and graphite, calculated on the water-, ash-, and sulphur-free bases: 

• "Cannel Coftln in the Unite<l .States” U S Geolonneal .Survey, liull. in preparation. 

•The quotient ot the fixetl carbon div nit'll by the volatile matter. 
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A st<*a(iy (lecroa^os in tlio nf h\(irog.('ii mid thus lioruinpn 

apparent, and cs|ie(ially if the averaj^e iK*rcentaK(‘s are recalculated on the haaiH 
of 100 parts by weight of earlion, as shown in tlie followinii' table: 
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It will t)e obs<*rve(l that the proiiressive decrease in the* pn)|K>rtion of ox>Ken 
is greater than is the case with hydrogen In cellulose (VllmOi,, lh<>s<‘ two ele- 
ments exist in exactly the profmrtions reijUired to form water (H?()), namely 
1 ; S, In wood, the hydrogen is slightly m excess of that ratio, and the exeesa 
steadily increases until in anthracite it is pro|X)rtionatel> very large, In the former, 
the ratio is nearly 1 : 7, whcn*as in the latter it is roughly 1:1. 

These facts arc significant, and enable us to arrive at a basis for projH*rly 
cLassifying the various non-asphalt ic pvrobitumens 



CHAPTER V 


ANNUAL PRODUCTION OF ASPHALTS, ASPHALTITES AND 
ASPHALTIC PYROBITUMENS 

World Production. Deposits of natural asphalts have l)epn discovered in all 
parts of the world. Table XVIII, compiled by the Department of Interior of the 
U. S. Geological Survey, shows the total prwluction of all forms of native asphalts 
(including pure and rock asphalts), asphaltites and asphaltic pyrobitumens, from 
1906 to 191G inclusive, as far as reliable statistics are available.* 

Trinidad produces the largest quantity of nativi* u.sphalt, Italy comes next, 
then Germany, United States and Venezuela. In the aliove statistics the ouput 
of petroleum asphalt is not included. 

Production in United States. The annual production of native asphalts, asphal- 
tites, asphaltic pyrobitumens, and petroleum asphalt in the United States is shown 
in the Table XIX. 

From this it will be observed where as the production of native a.sphalts remained 
fairly constant from the years 1897 to 1917, the production of petroleum asphalt 
has been steadily increasing. During the last few years, the advent of petroleum 
asphalt manufactured from Mexican crude has l>ecoine quite a factor. 

The production of gil.sonite and grahamite have not varied greatly during the 
last eight or nine years. Wurtzilite is not an inqwrtant factor in the a.sphalt 
industry. 

The figures in the preceding table, under the head of “Native Asphalts," com- 
prise rock asphalts, including asphaltic sandstones and limestones, together with a 
small proportion of pure native asphalt. d'he production of the last named is 
relatively unimportant, and has not therefore been .segregate<l. 

The accompanying diagram (Fig. 24) shows the proiluction of native asphalts 
(including rock and pure asphalts), asphaltite.s, asphaltic pyrobitumens and manu- 
factured asphalts (petroleum asphalts made from domestic and Mexican crudes), 
together with the imports of crude asphalts into the United States from the years 
1880 to 1917 inclusive. 

In 1917, the priHluction of petrolcuiii asphalt from dome.stic crudes amounted 
to 701,809 short tons, including d71,t)67 tons of residual oil used either for road 
sprinkling or as a flux fiir softening harder a.sphults, and 827,142 short tons of residual 
asphalts. These figures show a <lecrea.se of 29,812 tons in the production of road 
oils and fluxes, and an increa.se of 42.S17 tons in the output of residual a.sphalt, a.s 
compared with 1910. 

In 1917 the outpui of |M'troleum asphalts from Mexican crudes amounted to 
645,613 short tons, including 807,128 tons of road oil.'i and fluxes, and 888,485 tona 

• "Asphalt, Related Bitiiniens, and Bituminous Rock in 1917,” by John D Northrup, f. S Geol. 
Hurvey. Wash , D C Oct 22, I91S 
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In California the native aaphalta consist chiefly of bituminous sandstone from 
Santa Cruz and San Luis Obispo Counties, together with a small quantity of bitu- 
minous limestone produced in Santa Cniz County. In Kentucky the principal native 
asphalts consist of bituminous sandstone mined in Edmonson and Breckinridge 
Onintics. In Oklahoma, the principal output is composed of grahamite from two 
localities in Pushmataha County and one in Atoka County, also bituminous sand- 
stones produced in Pontotoc and Murray Counties. The principal products of Utah 
include gilsomte, wurtzilite and ozokerite, together with a comparatively small 
quantity of bituminous sandstone. In the year 1917 there was only one deposit of 
native asphalt operated in the State of Texas, consisting of an a8{)haltic limestone 
near Cline, in Uvalde Co»inty, 

A comparatively small qtiantity of asphalt-bearing shale was mined in the western 
part of the Hiate of Colorado during the year 1917. This was used only for ex[)eri- 
niental work, and promi8<‘s greater develofunent. 

Ozokerite dq)ositH have Ijeen exploited in Wa.satch County, Utah, and the prospects 
of their further development ap{)ear to lx; encouraging. 

Imports. The usphalt.s im[M>rted for coimumption in the United States during 
the years IfllTi to 1917, are .shown m the f(»IIowing table: 
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Exports. The following statistics show the asphalts exported from the United 
States during the years 1912 to 1917. segregatecl according to the unmanufactured 
and manufactured varieties. 
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Consumption of Asphalt in the United States. From lh(> fon n.imn linurtvs it is 
|M)S8iblo to appro.\itmit(> tho quantity of a.‘<plialt.s coiisiiniod in tlio Unitisl Slatrs, 
by (IcduotinK the quantity oxiHirted from the sum of ihe quantity marketed from 
domestic soureea and the (luantity imported. On this liasis, the (Hinsumption of 
asphaltic materials both m the native ami maiiufactureii states m H)17 amounted 
to I .'>80,10.') short tons, a.s compared with 1 , l(>t),00.'> short tons in 1010. and 
m 191.5. These figures should merelv be regarded as a nnigh approximation, I n- 
fortunately, corresponding statistics pertaining to other countries are not available. 



PART II 


SEMI-SOLID AND SOLID NATIVE BITUMINOUS 
SUBSTANCES 


(HAPTKIl VI 
METHODS OF REFINING 

Dehydration. Most native asphalts contain more or less moisture, 
which may Ih 5 present either accidentally as hydroscopic moisture, or 
in the form of an emulsion. Trinidad asphalt i.s ari example of the latter, 
in which al)OUt 29 i:)er cent of water is emulsified with the asphalt and 
clay. 

Before the asphalt can be used commercially, this water or nmisture 
must be removed. The process by which this is accomplished is known 
as “ dehydration.” The expulsion of water is brouj?ht about by heating 
the asphalt in a suitable oix;n container constructed of iron or steel, 
which is built in two types; viz.: 

(1) Semi-cylindrical. 

(2) Rectangular. 

In either case the top is left open so that the water may be expelled 
readily. In modern plants, the heating tanks are built to contain between 
10 and 30 tons of the crude asphalt. 

The heating is effected by one of two means: 

(1) By direct fire heat, in the form of a combustion chamber underneath the 
tank, encloseil in fire bricks. Three kinds of fuel are used for this purpose, de- 
pending upon which is most readily obtained in the locality where the asphalt 
ia to be refined; namely, coal, oil, or gas. Coiil is burnt on a grate; oil is usually 
sprayed into the combustion chamlier by compressed air or steam; and natural 
or producer gjis is introduced through a suitable type of burner. 

In any case, the fjest practice consists in protecting the Ixittom of the melting- 
tank by a fire-brick arch work, so that the hot gases are compelled to circulate 
back and forth. This su^lijects the bottom of the tank to a more uniform tem- 
perature, and tends to prolong its life. At the same time, it economizes fuel by 
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more thoroughly extracting the heat from the hot gases, due to the increased area 
of contact with the Iwttom of the tank. In .some installations, the pnalucta of 
coinluistion are cau.s(*d to zigzag Iwck and forth under the melting-tank several 
times, to accomi)lish tlu.s rnort* cffeetively Some rtaaMiimeml the use of a |K‘rforHt<^l 
hnck arch to di.stnhute the hot gases uniformly jind prevent the iKittoiu of the 
tank from being overheated liK-ally. 

Fire melting-tanks an* usually serni-cylindrie*d in form, although sometimes 
they may In* roctangular at the top, with a .seiiiMN Imdrieal Ixittoin (hig ‘ 2 !)) 



(•>) Hv means of .sU*am. In this e.H.s^* the heating is efTeet4sl by coils of sU>nm 
pijK-s conUiined in the tank. One and one-<,uarter to li-m piin-s are generally 
uid for tins pur,>o*H.. According to the Ik-.M practice, then* are lM*nt m oil 
,.„,„|X>se,l of a r.,nl,lu.ous length of ,..!»• union, or jo.nl. 

in usinn ™t-iron lioinkT. »illi slrnmlil lonKlIi. of I. or U-in |n|>.H 

i “t l-reasur*. .20 nni. II. will rn.- I.ni loni- 

pcraturo of tho iu.phi.lt lo SIK) or HK)“ K f^lo".... hiu. II..1 n.ivnnlaKe ovor fire 

Lt in not roking the .mphalt, winch wo, .1.1 ten,! to ......lale the iK.lUim, .h.luce 

local ov..rheating, nn.l hum out the tank ,n a ■•o.nia.rat.vcly .hurt lune 

Tho time of heating can l« rcdu.'od maUinally l.y agilaling the icphal nwchan- 
ically ainre the tmnater of heat Ihrough a man, of aaphalt la very alow. Ihe 
agitation may be accomplished: 

(1) By ieta of dry steam which should be introduced after the temperature of 
the iptalt hecomeZsufficienUy high U, prevent «.nden»t.on, and thu. avoid 
excessive foaming. ‘ 

(2) By jets of air. 

(3) By mechanical agitators. 

. U s. p.l 512.404 of Jan 9. 1804. to R. D. Upbain. 
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During the process of dehydration, the mass is apt to froth when the temper- 
ature is raised iwyond the l>oiIinK' point of water. For this reason, it is well to 
build the tanks lar«e enough to accomriKKlatc the foam without danger of over- 
flowing. Sluillow tanks are preferalile to deep tanks. 

Certain types of asphalt are most diffieult to dehydrate, as they foam very 
badly. Numerous devices have lieen used to keep down the foam, the simplest 
and most successful consisting in directing a current of hot air against the surface 
of the asphalt while it is lieing melted. 

The use of steam accelerates the evajKiration of the more volatile constituents 
in the asphalt, and is therefore apt to cau.se a greater shrinkage during the dehy- 
dration than when air or mechanical rni.xing is used. On the other hand, air is 
apt to “oxidize” the a.spludt and incrca.se its fusing |)oint, es|jecially if its use is 
continued for long periods of time (s<!e p. 

Any imimrities such as vegetable matter, chi|)s of wood, etc., which rise to 
the surface when the a.sphalt is melted .should In* skimmed off W hen the a.sphalt' 
is thoroughly melted and the foaming ceases, the dehydration is complete. It is 
usually unnoccs.sary to raise the temfierature of the asphalt higher than 350“ F. 
'Fhe dehydrated asphalt may l)e <li.‘<chnrged . 

(1) By a valve at the bottom of the tank, iiermitting the asphalt to flow out 
by gravity. 

(2) By a rotary pump which may either be steam-jacketed or surrounded by 
a steam coil in close conbict with the pump, the entire installation being well 
insulated. The rotary puni|> is iisu.ally installed above the level of the a.sphalt, 
and the intake pifie extemhsl almost to the bottom of the heating-tank. 

(3) By means of a pneumatic lift installed lielow the Iwttorn of the tank. 
The asphalt is allowed to flow by gravity into the pneumatic lift, which, by a 
suitable mechanism, automatically shuts off the flow when it is filled, and then 
admits comf)re.s.s<‘d air, forcing the asphalt upward through the di.scdiarge pipe 
The pneumatic lift may either be steam jacketed or heated with a steam coil as 
described. 

Asphalt may lx* pum|)ed through pipe lines for distances of .500 feet or more 
To effect this it niu.st be maintained in a iindfeil .state d'lus is acconiiili.shed by run- 
ning a steam pipe of .small ilianieler iii.Mile (he pipe carrying the asphalt. The ou'er 
pipe should be well insulated. 

Sedimentation. 'I'hi.s process i.s uHod to sopiirato tlio water where it 
is present in substantial ijuantities, as well as any eoai-se, particles or lumps 
of mineral matter. It can only be used successfully with asphalts or 
other forms of bitumen melting below the boiling-point of water (212° F.), 
and not carrying the water in an emulsified state, d’he asphalt is main- 
tained at a temperature not exceeding 200° V. by any of the devices 
descrilicd under “ Dehydration,” and allowed to undergo a process of 
‘‘ Sedimentation,” whereby the entrained water and coarse mineral matter 
settle to the lx)ttom, leaving the purified asphalt on top. The latter is 
then carefully drawn ofT.^ Ste4im heating is most satisfactory for this 
purpose. 

• U S Put. 580,592 of Apr, 1,1. 1897, to A V B**ll 
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In cftsort onlv h |K)rtion of the water sepanitea by wHlimenlntion, where- 

U|)oti the i-* suppleinenttNl by one of dehydration 'I'he siahinentnlion ^ill 

remove most of the water anti has the advantage of materially ^horte:lmg the 
dehydration prcKTss. A iximbination of the two proeeAst‘a will thus prove inorv 
effective than the use of either one alone 

Since water usually has a higher 8t>ecific gravity than iiielletl asphalt, it tenda 
to settle to the liottorn of the vessel ('ontaining it 'Fhia invariably proves to U' 
the case with the softer forms of native asphalt 

Extraction. Two hkhIui ba\(* Uhmi ustHl for this ptirinyst', lumiply 
water and volatile solvents. As tiu* inetbcHis aie entuidy dilTcMvnt, they 
will l>t* (‘onsidort'd st'paratoly. 

KiiraciuiH hji Mains nf IFubr 'Fills nietluMl lias Ihhmi us(‘d with 
none or loss success for extracting asplialt fixini asphaltic sands, sand- 
ston(‘ and linu'stone. It is I tast'd on the pninaple tliat water has a liigluT 
sjM'cific gravity tluin the niellt'd asplialt. and a lower gravity than the 
accompanying mineral matti'r. so that when iKaltHl together, the melti'd 
asphalt will rise to the surface and the mineral constituents mdtle to the 
bottom ' 

'I'o yield suereWullv to this method, the rock .'isjihalt mil'll posMw the fol- 
lowing (■ha^l(•tcrl^tlc^ 

iF The n-plndt prevent in the rock should have a fusing- iminf of not exci‘e<ling 
IM) 1' (K tV S mcth<Ml r« si irxi } 

,2i 1lic |)arli<le« of nnneral matter .should Ik* iinconxihdated. 

Cti 'The grams of mineral matter shouM Ik* fairly 'oariM* to enable them to 
scttl<* rapidly 

l',\|KTience lias shown that when the fu-mg-iKunt of the asphalt (‘ontained in 
the rock is highe,*- than tK) I . boiling yyjitcr y\ill not cfb*ct a thorough M*pariition 

\ spcdiiicn of asphaltic .saml obtained near Woodfonl, Okla, carrying approx- 
imately 12 iH*r (a*nt of asphalt and SS |K*r «ent of >., 11 , j m the form of hniKe, 
roiiinled gr.iins !K*tween tU .and Stl-mc'-h. sc|)ar.ite<l laiily loniplctely on iKuIing 
with water 'I'he pure asphalt showed a fiiMiig-point iK'tyyei’ii *>.'» and 70"' F. 
(.S*<* p '><» ) 

.\notlu“r asphaltic sand obtained near Fort .\lc.\lurr.iv, in north(*rn Alberta, 
carrying approximately I.'i ikt cent of asphalt and K.'i jK*r cent of non-compact 
Kami, F'tween 4(>- an<l KKbmesh. likewi*K* larg«*ly M*parate<^ on IkiiIiiik with 
water The fusing-jHant of the jaire asphalt wan .W" F (S*«* p. lIH’i ) 

'rhe same was true with an a.sphaltic saml carrying 17 iM*r cent of asphalt 
obtained from a deixisit It) miles northwest of lalmontori, and 12 miles north of 
Onoway. In thi.s case the pure asphalt fust*d at (»2'^ F. 

A Mexican asjihaltic .sand carrying lb |x*r cent of asphalt also wjiarat^ com- 
pletely on boiling with water, the fuHing-|H>inl of the pure .asjihalt lieirig F. 

On the other hand, (x*rtain asphaltic saml.s obtained from various localities 
of Oklahoma, carrying lictwcen 10 and I.'i |x*r cent of asphalt refused to separate 

' \f%nti and Mimralf, Mar, 1903, "Hcflniiig MHh«la uwil l»y Tar Spring* Afiphalt fo , Tar 
Spring*, dkln", Eng if ,\fni J . Du 17, UKU. ' Aiiplialt MitiinK and Hchning in Okiabuaia," 
Ij> W K Crane 
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on boiling with water. 'I'he fusing-iwints of the pure asphalts were found to 
l)e 113° F., IIH° F,, and 127° F., re»f)ectively. The particles of the sand were 
sulwtantialiy similar to the preceding, ranging Ijetwecn 40- and lOO-mesh. 

, Plants for the water-extraction of asphalt from rock asphalt have been in opera- 
tion in Oklahoma (saml tusphalt); Tcxiis (asphaltic limestone); Allierta, Canada 
(sand asphalt); Pechclbronn, Al.sace-Ix)rraine (asphaltic limestone); Heyssel and 
Hastcnnes, France (asphaltic limestone); San Valentino, Italy (asphaltic limestone); 
and Tataros, Austria (asphaltic limestone). 

According to S. C. Ells:' 

'“'riic results when hot water and steam have lieen u.sed have liecn most encouraging. 
A fairly rapid and comparutively ine\|H‘nsive separation has lH*en i) 0 .s.sible, but m actual 
conuiKTeial jiractiee the extraction has mit ls‘en siitticiently complete, Summarizing 
all evid(*nee available to the writer, it apjaairs that as at jiresent understood, the use 



Fid. 2() — Apparatus for Separating Soft A'^phalt from Sand by Means of Water. 

of hot water or steam, or a eombination of the two, uill not gi\e a eommereial extraction 
of mori' than (M) (H'r cent of the bituiiKMi contained m average bituminous sand nick 
In attempting to .secure a higher percentage extraction, a di.spn)iH>rfionafe increa.sf‘ in 
cost will probably result ” 

'I'he nuichmery for extracting a.sphalts with water forms the .subject matter of 
various United States Letters Patent.* 

A cross-sei'tional diagram of an apparatus which gives fairly successful results is 
shown in Fig. 2ti. A view into the top of this extractor is shown in Fig 27. The 
separated asphalt inu.st lie treateil m accordance with t)ie rnetlKMls descril>ed under the 
heading "Dehydration,” to .separate the water which is mechanically carried along 
with it. If the process has lieen jK‘rformeil profierly, the jairified a.sphalt will not con- 
tain more than 5 to 7 {M*r cent of mineral matter. 'I'lic water-extraction process 
also is used for purifying ozokerite (sec p. 75). 

<" Preliminary Report on the Rituminoua Sanda of Northern Alberta." Dept, of Minfs, 
Ottawa, Canada. 1914. 

*a&A,4l6, Aug. 7, 1900, to Jacob Philippt; 722,500, Mar. 10, 1903, to J S. Downard and 
B. A. Holoaon; 918,628, Apr. 20. 1909, to George M. Willia, 1.190,633, July 11, 1916, to C. 
L. Cook and J. R. Pric«. 
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Extraction with Solirnii<. (’nr)>oii clisulplii<lc. |>otrolouin distillates 
ind l>onzol have Uvu uwhI for this puriK)8c. This method has not pmven 
iuecessful commerrially. on aeeount of its ox|)ens<*. Several plants have^ 
been eonstruetetl in the Tnited States for extrietinj? asphalts from jusphal- 
tie sands and sj^ndstone. The Alcatraz Asphalt ('o. of Alcatraz, (’al., 
en'cttnl an elal)orate plant for tmitin^ rock carrying 10 to 10 jx'r cent of 
asphalt. The venture, however, provetl a failure* through losse*s in st)lvent 
(a light distillate of iK'troleum), which made the cost of treatment pro« 
hiiutive 'Hie loss wiis due in |iart to unavoidable eva|X)ration during 



Fn; 27 l/Mikinn into the Top (»f lb<* Kxtnirlinn Apparatus. 

the extraction proc(‘s.s, al.vo to the impo.ssilMlity of fully recovering the 
.solvent from the exlrai ted asjihalt. 

A nuinlK'r of patents have lHH*n tak<‘n otit covering the use of Holv(*nts:' 

The solvent extraction firoco.s.s has Ihto used successfullv for recovering inontiin 
wax from lignite at Thuringia, Saxonv , also from the mineral pyropuwite, which 
i.s found its.sociated with lignite at W eihwnfcb, near Halle, (lerinany Henxol la 
generally u.-hhI for this purjKise, although in certain caaen ]>etroleuni diNtilhite« 
have given good re.sults ’ 

M.'i2,7(>4 of Mi»v 19, 1891, to Krt-d SnlrtUi/- .%81.54ft, of Apr 27, IS97, to H A Krwirh, 
fil7,22fi of J»n .1, 1890 to A S r 017,712 nf Jnn 17, 1899, to A V L Hi-ll, 0,W,4;W> of 

Aiig 7, 1900. to A F I, Ikll, I.OtKi.OlO of Apr 29, 191.1, to K It Murray and (3. K McDcrmaiul. 

*G«-r Pata 99,566, 101,373, 116.453. and 204,256. 


CHAPTER VII 
MINERAL WAXES 
OZOKERITE 

Ozokerite is a native mineral wax, composed of the higher mem- 
bers of the (' 11 II 2 D+ 2 , and (nlOn series of hydrocarl)ons. It occurs 
in deposits usually associated with petroleum. Certain varieties carry 
a proportion of petroleum in solution with the wax, and the more 
petroleum present, the softer the consistency and lower the fusing-point. 
Ozokerite as ordinarily found is fairly hard, and has a comparatively 
high fusing-point, ranging from 150 to 180® F. The fuFing-i)oint has been 
recorded as high 200® F. (K. A S. method). Ozokerite containing 
l)etwcen 10 and 15 per cent of petroleum in solution, shows a fusing-point 
between 140 and 150® F. The petroleum can readily be evaporated by 
applying a moderate degree of heat, and is expelled during the refining 
pro^'css. 

The color of ozokerite depends upon the nature and extent of the 
impurities present, and ranges from a transparerit yellow to a dark brown. 
In rare instances, ozokerite occurs in a diclu’oic variety, showing a dark 
green color by reflected light, and a pure yellow by transmitted light. 
It breaks with a conchoidal fracture, and has a characteristic waxy lustre. 
Its streak on j)orcelain varies from a transparent white to a pale brown. 

Ozokerite is usually found filling veins or fissures, which are very 
irregular in structure, varying from a fraction of ari inch to about two 
•feet in thickness. Some extend for comparativ(‘ly long distances, whereas 
others pinch out very suddenly. The veins an* usually caused by faulting, 
which accounts for their irreguknity and gives the vein the appearance 
of a series of pockets. (See Fig. 21.) The indications are that the 
ozokerite entei*s the faults or veins from below, which is borne out by 
the fact that the material mimsl at a depth is materially softer and 
has a lower fusing-[)oint than that obtained near the surface. 

Ozokerite may occur in a pure state (comparatively free from mineral 
matter), which proves to be the ctuse when it is found in vein fonn, or it 
may l)e associated with sandstone or shale. In fact, it is (piite common 
for the entire region surrounding the vein to l)e saturated with ozokerite. 
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A paraffinaceous petroleum almost invariably occurs in the strata 
anderlying the ozokerite, which would seem to indicate that the latter 
must have l)een produced by the slow hanleninp and probably also the 
oxidation of |x?trolcuin thrcu^jhout centurii's of time. Ozokerite, itself, 
howev(*r, is practically frt'e from oxygen. In this particular I'ase, tlien*- 
foiv, the effect of oxidation is to eliminate hydrogen, and fonii hydro- 
carbons of higher molecular weight p. 575). 

The jH'troleum underlying the ozokerite u.‘<ually contains from 8 to 
12 [)er cent of paraffine, which, howe\(‘r. is entirely diffiTiait in its char- 
acter from the hydro<*arbons eontain«‘d in th<‘ ozok(‘rili‘. This provt's 
coiiehisively that ozokerite is not formed imavly by the eva|)oration of 
petroleum, but must have beiai produced by a proei'ss of metamorphosis 
or |M)lymerization. 

On (ti''tilImK at afrno'^plioric prcs-xun*, o/ttkrr.lc <l»*roin|M>s<*s, wIion'UK wlnai it is 
un<l»*r nMlucctl pn'vsiin'. il.s «-oiii|HisituH) rli.anucs hut littic' 

O/.okirito as It 1 '' iiiunal h .assorloit hv !»an<f picking lu ^‘p.aratr tlx* pure 
material frum that a't'xxiated with earthy matter 'Ihe latter, whieh is known ns 
'■ w a\->lone,' i" liroken up t<» remo\e an\ himpH of ro<*k and piinhcd hv evtrae- 
tion with Wviter i>ee p 72' 'I'he nx'thoi] um‘<I for this purpose is very erude, 
and (•oll'«l•'t^ iixTeb in hoihnu die wa\-stone with w.iter in larne open kettles 
'I'he -ambtone or shale sep.irates to the holt<im and the melted o/okerile floats 
in :i la\er on tlx* surfaie, wheieu|K»n it is skimmeil olT, Isaled to eva|M>rate tlx* 
water and e.i't into hlo» ks The ((»mmen ial material is <*omjiarativel> free from 
mineral matt(*r, rao*lv eontaininij o\er 2 per <enf 

()/ok(*rite may Is* i(*fme<i still further hv lieatiiiK to I2t) 2tK)'‘ (’, with 20 per 
cent h) weinht of eoneentrated siilphiirie and I his hleaehes the ozokerite*, foiming 
a produet almost white* in eolor, kneiwn as “ee'resine* " I rexii 10 tei l.'i per tent 
of the* o/okeiite is lost duniiif tlx* treatment, hut the fusinK-iMiinl of tlx* pnnluet 
is mere*ased I’lx* final lraee*s of ;niel .are* re ineiveel aiiel tlx* hle'.’ie huiK proe*e*ss eolil* 
ph'toel h\ aihiinti frexii .a lei 12 pe*r ee*nl eif elry ri*.s|elue e)htaine*el fioni tlx* inaiiu- 
fai'ture* <»f ■‘ferre)e*yanxle*s ' The* main elilTere*nee*s lK*lwiH*n ozokerite ami eeresint* 
art- in the* eohir .itxl fiisiiu4-iK>int 

Ozokerite and eere'-'ine are* u*x*«l in the matiufaeture of hinh-nrade randies, 
colored le*ael |H*neib, for Imishiiu' eelT the ln’els ami seih's of slxx*s, manufaeluruiK 
.sluH* jMihshes, elee trie.il Hisiilatini^ purpe»s<*s, aixl waxiiiic lleieirs 'rix*y are readily 
soluhle III turi>e*ntme*, [M'tredenm di^tillate*s, l•arl»oll ehsulphiele, aiiel IkuizoI, hut 
srarce*ly siihihle* in aleaihol 

Purified oz.okerite .and eeTesine eornplv with the* fuilowiiiK eharaeteristics; 


(Tp«t 1 ' • ('ohiT iti miiHn 

t 1 t*9l I) I rie tun 

r«+l ■>! ! iji*e o 

(Tisl t() Slre:ili 

< I'fTie 7) S|n-(ifu at 77'" t 

( Prst Uij) Har'IricaH. M"li « *calt 
(Ti-at IVnrl ration at -iJ” K 
r’e'iiei rat loll at 77'^ t 
I’ciii>i ration at ll.'i" F 


W to \«‘l|c,a t<i liroan 
( on< IiokIhI 

liitll to ■■ wany" 

Traiit-paiMil wlnle to yellow 
0 s:, 1 oej 
l.efa than 1 
0 
zo 

1.50 2.'j0 


The numbers refer to tents, whirh are deaertbed in de*tail in Chapters XXVIll to XXXI. 
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(T(!tt Uc) Conaiatonietcr hardness at 32° F Above 100 

C'onswtonicter hardness at 77° F. 20-40 

Consistoineter hardness at 115° F 5-15 


(Test Od) 

.Susceptibility factor 

Greater than 80 

(Test 14a) 

Behavior on melting 

Jiyuid state, melting to a very 
thin liquid of comparatively 
hltle MBcoiity 

(Teat 15a) 

Fuaing point (K AS method) 

. . . 140-200° F. 

10) 

Fixed carbon 

) 10% 

(Tost 2l«). 

Soluble III carbon disulphide 

9.5- 

(Test 215) 

N'on-iiuricral matter insoluble 

0-1% 

(Test 21<) 

Mineral matter 

0 ,5% 

(Teat 22) 

Carbones 

0 3V; 

(T.-8t 23) 

Non-miiieriil mutter soluble in 88° 

petroleum 


naphtha 

7.5- 95% 

(Test 2i\) 

Carbon 

84 -8t)% 

(Test 27) 

Hydrogen 

1(5 14%, 

(Test 28) 

Sufidiiir 

0 1 r/"o 

(TcMt 2')) 

iN'ilrogen 

(1 a ,5% 

('I’csr .'«)) 

Oxvgen 

0 2%. 

('I'cHt .33) 

.Solid ptirnlline wax 

.50 90'’i, 

(Test .I.-)) 

Siilphonulioii renidiie, .300 .3.50'’ (‘ i 

rliNtillate 90 l(M)%, 

(Test 37) 

.Saponilialile conslif iients 

0 


Very often tfuvse prodiiet.s are adulterated with paraffine wax, losin, tallow, 
, stearic acid or mineral fillers (such as talc, kaolin, gypsum, etc.). These may be 
detect('d a.s described on page ,')44. 


Ozokerite occurs in the following localitie.s: ‘ 

Galicia. The most iinfiortant ozokerite deposits are found in the 
Carpathian Mountains in the districts of Drohohyez (comprieing Bory- 
slaw, Wolanka and Truskawiec) and Stanislau ({‘omprising Dwiniaez, 
Straunia, Wolotkow and Nit'hylSw). The largest de{) 0 sit is located at 
Boryslavv, a small town in (lalicia, and has been exploited since about 
1859. It is found at some depths lielow the siirfatte, associated with 
schist and sandstone, and it is mined by means of shafts and galleries. 
About 1500 shafts have been sunk in the ilistrict. 

The following vari(*tie.«< of ozokerite are recognized in the Boryslaw district: 

(1) Marble W.ix is very hard, of a pale yellow color, with greeni.sh, brownish 
and black markings, giving it the apfrearance of marble; 

(2) Hard Wax is darker in color than Marble Wax and shows a granular 
fracture; 

(II) Fibrous Wax is characterized by its fibrous stnicture; 

(4) Bagga is very dark in color, and has a comparatively low fusing-point; 

(5) Kindebal is chanictcri*ed by lading soft, of low fusmg-point and a black 
color. It eonbiins petroleum and mineral matter. 

‘‘‘A Treatioe on Ofokeriti*,” by E B (ioalmir. School of Mine* Qiiarterlj, II, 41, 1894, “Das 
Erdwachf. Oiokcrftc und rcrsain,” by Berlinerblau, 1897, " Der ErdwaclialierKbau in Boryslaw, ’ 
J. Muck, 1903, "Mineral Waxes." by Rudoit (Ireitonus, 1905, "Daa Warh'< und seme techniache 
Verwendung," I.udnig Sedna. 
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(0) Blower Wax (Malka) »•< a pale yellow variety of ozokerite which ia wpiectcd 
out of the veins due to pn‘»«Mire of the >iurnnindin)r rock«*; 

(7) Ix'p IS a variety of ozokerite asso<'iat<‘<l with a suhsf^intial projiurtion of mineral 
matter. 

The do|)osit at Wolanka i^ smaller than th.at at Ikiryslaw 'I'he oeriirrenee at 
Trvi.skawiee dilTers from the others hy the prtvM'nee of a comparatively larp* |H*r- 
centaue of sulphur The ozokerite in this loc.ihty is aKsoeiaUnJ with native sul- 
phur, lead sulphide, i;yi>sum. and iK'truleuin 

At Dwmiacz, Straunia ami WOlotkovi, ahout 70 miles south of Itoryslaw, the 
ozokerite veins are lix ated s<jme tli'^tama* lelow the surface, in IxhIs of clay hetwinm 
layers of shale ( onsideralile ozokerite has l*e»‘n mined in this district, and par- 
ticularlv at Dwiniacz. 'I'lu' veins \ar> in si/i- from i in to alsuit 1 ft. 'I'he roik 
in the vicinity of the veins is impreitnated with wax containing an averani* of 
‘2 jK‘r cent 

Rumania. l)t*|Mxsits of ozokento tin* also fotiml ni u spur of tho Ciir- 
puthiaii Mouiitaiiis in tlie imiviiur of Moldavia in Huitiania. It lias 
Ikh'ii mined m sc’veral localities, tin* larjicst \eiii oeitirrinn in tlie City of 
Slanik, beneath a bed of bituminous sliale, asso<*iat(‘d with tt vein of 
eaimel eoal. This deiKisit is charattenzed by its hif?h fusinK-Ixunt, 
in the neif?hlK)rh(K)d of I’\ (K tk S. methotl). 

Russia. Small de|K)sits occur m dVanscaspiaii Province oti the north 
slof )0 of the Cauca.sian Motintains at Kouban, also on tin* Islands of 
Swajtoi and Cheleken in the ( aspian St'a. 'I'he Iarfi;(‘st deposit in Uussia 
occurs Jit the last named place acconi|)anied by iK‘trol(*um in strata of 
clay and chalk.* Minor dc|M>sits arc also said to occur at Baku. 

United States. 'I'he most unpoitaiit deposit occurs in Wasatch 
County, Ctah. near Colton in I'tah ( 'ounty,‘ in a lH‘d of oil shale. 'I he 
veins extend from about two miles west of Colton to within ti few Imndrisl 
yards west of the railroad station ol Soldier Summit, or ti total distanc<‘ 
of twelve miles. 'IIk'si* oil shales o\erhe a ImmI of clay in which the ozo- 
kerite occurs. A |>eculiar feature of this ih‘|)Osit is the occurrence of fossil 
.shells tofielher with other animal remains. 'I'he veins liave been worked 
during 1910, about 1 tons havinj^ Iksui mineil, and part of tluMiutput re- 
fined and marketed in the form of ceresine. 'I'he followinj? amilyti«*al 
results have beim reported: ’ 

\,'l »‘(«l 1 1 ( ol'ir III niftdn 

'IfHl 4) rrn<lur<- 
iTwt 'i) l.iictrf 
( I *'»(t (») Slrrak 
(Ttut 7) KraMt> at 77“ I 

' " Th<‘ 0»ok<-nl«* IndiiMry on tlio Inland of C'hi-U-krn," /Vfro//um HorW, 14. l.SO, 1917, 

= "Th** Oiokf-ntr Di-ponitn of S«.ldnr Stiiimul. Utali,'’ hy W (' IliRinnn, Sntl Lnkr M\n Hrt., 
IS, 17. 1916, "Oiok*-nU> in fifth.” I <> ilomard, \t%iiing Sn J’nx", 111. 91)9, 1916, 

Ind Kng Chm , S, 97d, l9l.} 


^ rllowinli hrow n 
(oik lioidal 
1)1)11 

I’ah* >c-llow 
U S91 
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(Test 9o) Hardnew, Mob's »cale Leas than 1 

(Teat 96) Penetiation at 77“ F 30 

(Teat 16) Volatile, 212“ F., 1 hr 0 0% 

Volatile. 325“ F.. 7 hrs 46 41% 

Volatile. 400“ F . 7 hra 65 2% 

(Teat 19) Fixed carbon 9 6% 

(Test 20) Distillation teat: 

0-150“ C 0 21% 

150 2<K)“ C 8 91 

200 250“ C 8 38 

26t) 300“ C 17 69 

3(K1 350“ C 25 89 

360- 400“ C 26 85 


Total \olstile 78 93% 

Non-volatile (6xe<l carbon and ash) 10 07 

ToUl 100 00% 

(Teat 21o) Solubility m carbon disulphide . . 99 46% 

(Test 216) Non-nuncral matter insoluble 0 50% 

(Test 2lr) Free mineral matter 0 046% 

(Teat 22) Insoluble carbon tetrachloride 2 51% 

(Teat 23) Soluble in 62° naphtha 81 71% 

(Test 24) drains soluble in 100 grains of the followinK solvents 

(cold). 

Amyl acetate . 1 

Amyl alcohol Insoluble 

Arnyl nitrate . 7 

Aniline Insoluble 

Reniol 18 

Carbon disulphide Soluble in all proportions 

Carbon tetrachloride Soluble in all proportions 

Chloroform . Soluble in all proportions 

Ktfiyl acetate 1 

Kthvl alcohol Insoluble 

Ktlivl ether 13 

Naphtha, 62° 7 

Nitrobenxene Insoluble 

Prop,\l alcohol Insoluble 

Toluol . \ er.\ soluble 

Turpentine N er\ soluble 

(Test 26) Carbon 8.5 35^; 

(Test 27) IlvdroKeil 13.S6<; 

(Test 28) Suliihur 0 21)';, 

(Test 29) Nitroiten 0 3)1'';, 


At Thrall, Tovaa, in the so-callctl Thrall Oil Field, another deposit has been 
reported. The crtide material is soft, due to the petroleum as.socint€d with it, 
and of a dark brown etrlor It has a .strong odor of petroleum, and a specific 
gravity at 77” F. of O.S75. On lieing heatetl to 10()” C., it loses 14.72 per cent 
in w'eight, and at ISO” (\ a total of 23.14 jrer cent. On being freed from petro- 
leum, it shows a fusing-iK)int of 175” F. 

HATC'HETTITE OR HATCHETTINE 
The above names are assigned to a soft variety of ozokerite fusing in the 

neighborhood of 120” F. (K. and S. method). It varies in specific gravity from 

• J. Jnd. Sng, Chem , I, 1095, 1916. 



MINERAL WAXES 


79 


0.90 to 0.98 at 77® F., and haa a yellowiah-whito, yellow or greeniahoyellow color. 
It waa named after C. Hatchett, an English chemist (1765-1847). It ia found 
near Merthyr-Tydvil in Glamorganshire, England, also at Loch Fyne in Argyl- 
ahire, Scotland. 

SdlEEREHITE 

A native wax found in a bed of lignite near St. Oallen, Switrerland. It 
occurs in the form of crystals (inoiiorlinic) and of a white, gray, yellow, green or 
pale reddiah color. It is more or less trunhiucent to transiNirent, and haa a waxy 
feel. It is composed chiefly of the memlx*rs of the imraffine aeriea, and fuw'S at a 
temperature of 110-115° F. 


KARAITE 

Thi.s is a waxy hydrocarlion similar to oxokerite or si'heerente, which haa 
l>een found in meteorites. It Is only of scientific interest and haa no commercial 
importance. 

MONTAN WAX 

As stated previously, inoiitan wax is dissolvetl from eertain non- 
asphaltic pyrobituinens liy means of volatile solvents. The lignite or 
pyropissite is first dried, then granulated, and finally extmeted. The 
extract is evaiwrated to ix'cover most of (he solvent. The last traces 
of solvent are exjx'lled from the montan wax by distillation with steam, and 
recondensed. 'J'he crude wax differs widely according to (he source, 
Thuririgian lignites yielding a hard and lirittic wax, whewis Bohemian 
lignites yield a softer product. 

Ninety per cent of the montan wax present in (he lignite is removetl 
in this manner. Aliout 10 to 15 jier cent of (lie solvent is lost, but the 
higli price obtainable for rnontan wax renders this permissible. I'sually 
8 to 10 per cent of montan wax is extracted from Thuringian lignite 
based on the dry weight of the latter. In exceptional caw*«, as high 
as 20 per cent luis l)een obtained. Pyropi.ssite yields lietweiai 50 and 70 
per cent of montan wax lia.sed on its dry weight. Unfortunately, the 
.supply of pyropissite is largely exhausted. 

According to draefe,’ the following p<‘rccn(agcs of montan wax are 
extracted by benzol from the dried min<‘rals: 


Bohemian Lignite 1 29% 

Texas Lignite 2 07% 

Lignite from the region of (he Rhine 4.70% 

Lignite from Vladivostok 5,38% 

Lignite from Thuringia, Saxony 9.03% 

Pyropissite 99 . 50% 


» •’ nraunkohlenttH'f-IndJWlri^," I90S. 
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The montan wax industry is not practised in the United States, but 
is localized in Saxony.* 

Montan wax contains esters of acids possessing high molecular weight, free acids 
and a smalt quantity of substances containing sulphur. Various formulae have been 
assigned to it, including CwHysOj, and C«HiiiO. 

At ordinary temperature.s it decomposes when distilled. It may, however, be 
purified by distilling with superheated steam in vacuo. In this manner the fol- 
lowing products arc obtained: 

(1) Pure odorless montan acid; 

(2) Refined montan wax; 

(3) A bright yellow wax containing paraffine; 

(4) A residue containing paraffine; 

(5) An acid-free cable pitch.* 

On heating with glycerine, an e.ster is obtained which has a much higher fusing- 
point (in the neighborhood of 2(X)° F.). 

Commercial montan wax complies with the following characteristics: 


(Tc«t 1) Color In 

Crude montan was. . , Dark brown 

Product obtained by distillation m vacuo , Almost white 

(Test 4) Fracture ... Conchoidal 

<Tc»t 6) Lustro Wasy 

(Tost 6) Streak on porcelain ... Yellowish brown to white 

iTcst 7) Specific gravity at 77® F 0 90 I 00 

(Test 9c) Hardnesa at 77® F. (consistomettr). . . Almve 100 

(Test 9d) SiiMceptibilitv factor > 100 

(Test 10) Ductility at 77® F. ... .00 

(Test l.'l) Odor on heating Pleasantly aromatic 

(Teat Md) Behavior on melting Pa-xHes rapidly from .he 

solid to Injuid state 

(Teat Iftd) Fusing-point (K and 8 nieihoil) 17I>-2(X)® F. 

N D — Montan wai obtaine<l from pyropissite has a higher fusing-point 
than that obtained from lignite, namely, between 190 and 2(X)® F. 

(Test 17) Flash point S.W to 675® F. 

(Test 19) Fixid carbon 2-10% 

(Test 21(i) Solubility in carbon disulphide Greater than 9S% 


>" Montan Wax. and Its Behai ior on Distillation," J Marrisson and H Smelkiis (Chetn. Zrit 
41, 120 and l.'iO, 1917). Acrording to Fisenrcich montan nax shoas the folloaing figures, a hen tested 
in accordance aith gptcial methoda dci ieed by bun (CAim her FtU-Harz-lud , 14, 211, 1909). 


Saponification value . . . 
Acid value 
Ester value . 

Acetyl arid value. . , 

Acetyl value 

Unsaponifiablo 

Iodine value 


95 

93 

1.5 

93 

11 

29% (M.-pt. -146® F) 

12 


According to Marcuason {Ckrm. Rrr. FtU-Harz-Ind , IS, 193, 1908) montan wax testa as follows, 
when examined by the usual methods applicable to fats and oils: 

(Test 37a) Acid value 

(Test 37e) Ester value 

(Test 87d) Saponification value 


» Oer. Pat. 260,697 of Mar. 29, 19U, 


. 29-33 
. 28-73 
. 60 - 8 ^ 
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(Teat 216) Non-mineral matter inaoluble. 
(Twt 21r) Mineral matter 
(Teat 23) Soluble in 88° naphtha 
(Teat 24) Solubility in ether and alcohol 

(Teat 26) Carbon. , 

(Teat 27) Hydrogen 

(Teat 28) Sulphur 

(Teat 29) Nitrogen 

(Teat 30) Oaygen 

(Teat 33) Paraffine 
(Teat 33) Sulphunation reaidue 
(Teat 37) Saponifiable 
(Teat 41) Dia*o reaction, 

(Teat 42) Anthraguione reaction. 


0 - 2 % 

I^eaa than 2% 

80- 100% 

X>nly partly aolubla 
82 83t7« 

14-141% 
hcM than 1.5% 
Trace 
3-6% 

O 10% 

0 ^ 10 %, 

30 80% 

No. 

No 


Mon tan wax ia used for manufacturing shoe polishes, phonographic records, elec- 
trical insulating materials, and the like. 
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NATIVE ASPHALTS OCCURRING IN A FAIRLY PURE STATE 

Undkr this lieading will he considered the most important asphalt 
deposits containing less than 10 per cent of mineral matter figured on the 
dry weight. These include exudations or seepages of liquid or semi- 
liquid asphalts, also surface overflows and lakes. Most of these are 
characterized by Ijcing liquid to semi-liquid at normal atmospheric tem- 
perature, and l)y containing a comparatively large proportion of volatile 
matter. Only a few of these deposits are of value commercially. 

The principal deposits are as follows: 

NORTH AMERICA 

United States 

Keotticky. 

Breckenridge County. The so-oallcd “Tar Springs” situated about 4 miles 
south of (^lovcrport on Tar Creek, have been known for many years. 'I'hey occur 
as 8cef)ages of pure, soft a8|)halt at the ba-ne of an overhanging clifT of sandstone 
where it joins a stratum of limestone. The asphalt is accompanied by water 
charged with sulphur comi)Ound.s, and the surrounding rocks aliound in marine 
fossils. 

Grayson County. Similar secpage.s abound along Big Clifty Creek and its trib- 
utaries, in the vicinity of Grayson Springs station. Some e.xude from sandstone 
and others from clay or shale. The seepages carry lx;tween 5 and 10 per cent 
of free mineral matter, the balance consisting of a very .soft, “stringy” asphalt 
containing a large proportion of volatile ingredients and yielding about 15 per 
cent of fixed carbon. 

Oklahoma. 

There are only a few minor occurrences of pure asphalt found in the form of 
seepages in Oklahoma, including the following; 

Carter County. NE J, Sec. 10, T 2 S, R 2 W; 10 miles north of Wheeler. 

Murray County. SW J, SE J, Sec. 15, T 1 S, R 3 E; 3 miles south of Sulphur. 

Neither of these has any commercial importance. 

Utah. 

Uinta CouiUy. A pure, solid asphalt is found in Tabby Canyon, a branch of 
the Duchesne ^ver, 8 to 9 miles south and fresi of the town of Theodore and 
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about 30 mUes west of Ft. Duchesne. It has been exploited under the name 
" tabbyite”‘ and tests as follows: 


(Test 4) Fracture. ... 

(Teat 6) Luatre 

(Test 6) Streak 

(Test 7) Specific eraxity st 77® F 
(Test 9a) HardneM, Moh's scale. 

(Teat 9b) Penetration at 77® F 
(Teat 9c) Consistency at 77® F 
(Teat 14fc) In flame 

(Teat 15a) Fusing-point (K and S nietho<i) 
(Test 16) Volatile matter. .125® V in 7 hrs 
Volatile matter. 4tH)® F i:i 7 hrs 
(Teat 19) F^xed carbon 
(Teat 2la) Soluble m carbon disulphide 
(Teat 216) Non-mineral matttr tiiHolulile 
(Test 21c) Free mineral multer 
(Teat 22) ('arl>enes 
(Teat 23) Soluble in 86® naphtha 
(Teat 25) Carbon 
(Test 26) IfydroKcn . . 

(Test 27) Sulphur 
(Test 28) Nitrogen. 

CndetermirK'd 


Conchoidal 

Rright 

Black 

1 006 I 010 
I.eiia than 1 
0 

80 0 

Softens and flow* 
178® F 

2 78% 

6 40% 

8 OS 0 2% 

94 7 02 1 % 

0 5 1 1% 

4 H fl M% 

0 0 % 

61% 

82% 

11 % 

2 % 

3% 


Boxelder County. A i)urc viscous asphalt dc))osit occurs below the IhhI of 
Great Salt Lake, alxiut 10 inile.s south of Rozel, in the Proniiritory Ratine * It 
is found in a series of horizontal veins 3 to 5 ft. (hick inlerfK)sed hetwiHUj lieds 
of clay, conlinuing to a depth of at least 140 ft. It is highly prolmhle that a 
lake of a.sphalt occurred at thi.s jwint centuries ago, which in time became covered 
with .sediments, giving rise to a series of veins. 

At the present time, m:us.se.s of .wplialt exude through the unconsolidated material 
at the bottom of the lake, and rise to the surface in lumps I to 2 ft. in iliam- 
eter This occurrence corre.sponds very closely with the Dead defiosit (sec 
p. 130). On analy.sis, the a.sphalt tests as follows: 


(Tc8t 4) Fracture . Conrhnidal 

(Test .'») Lustre . Very bnght 

(Teat 6) .‘^treak ... Black 

(Teat 96) Penetration at 32® F (218) g in 60 mti ) 12 

Penetration at 77® F ( KKI g in h wca ) .50 

Penetration at 1 15® F COg in .5 a«Ta > 170 

(Teat 10a) niictility at 77® F 70 cma, 

(Tist 16) Volatile at 3(X)® F in 24 hr-* 2 33% 

(T^t 2la) Holuble in carbon dimilphide 05 tit 1% 

(Tout 216) Non-mincr.'il matter inmiliibl" . 1 H4%, 

( Test 21r) Free mineral matter 3 16% 


Ctlifomla. 

Ktm County. The depo.sits of asphalt occur in the so-called “Asphalto Region’* 
in the western part of Kern County, alxiut 50 miles west of BakerHfield, in the 
form of large springs; also as veins. The character of the deposit varies greatly^ 
both in consistency and purity. The superficial overflow covers an area of 7 

»/. /ad. Bng. Chrm , 1. 973, 191.1. 

*‘'Oil and Aaphalt ProapiTta in Hajt Lake Bomru Utah," Bull. No 260. U. H. tJeol. Hurvey, 
Wash , p 473. 1905 
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acres in a layer 2 to 4 ft. thick overlying sand and clay. Part of it has hardened 
on account of exposure to the elements, and other portions are still soft and 

viscous. A vein of asphalt also occurs in the vicinity of the overflow, filling a 

fault, varying from 2 to 8 ft. in width, averaging about 4 ft. The nature of the 
asphalt in the vein is similar to that of the overflow. 

The a.sphalt carries from 3 to 30 per cent mineral matter, mostly sand and 
clay, also gas, which is evidenced by the fact that it loses between 5 and 15 per 
cent in weight on l)eing heated to 212° F. for one hour. The run of the mine 
average.s 85 per cent a.sphalt, 10 per cent mineral matter and 5 per cent moisture 

and gas. It is refined by heating, which drives off the water and gas and per- 

mits a certain amount of the mineral matter to settle out. According to Richard- 
son the refined asphalt tests as follows: 


4) Frartiirf* 

(T<‘st S) Limlri' 

(Tr'it «) Htrcak 

(ToHt 7) Spc'cifio KruMtv nt 77° F 
06) PfiH-lrution nt 77° F 
( PoNl \rul) 'IVtuporaluro at which it flow.s 
(Test 10) Viiliitilc matter, :i2.'»° F. 7 hrs 
Vdlatili innttiT, 1(K)“ F , 7 hr^ 
(TcHt 10) F'xcd carbon 
(Tc‘it 2 In) Soluble in carbon ilisiilphnlc 
(TcHf ‘216) Non-iiuncrnl matter iimoliiblc 
(Tc,>it 21c) Free mineral matter 
Total 

(Test 22) CarhencH 

(Test 2.'J) Soluble in 8H° naphthn 

(Test 34) Saturated hydrocarbons 


Semi-conchoidal 
Bright to dull 
Black 
I 06 
O 27 
180° F 
6 6 % 

19 9'7i, 

B 0% 

89 

.'1 4% 

6 8 % 

100 0 % 


M 4% 
28 0% 


softer yieWinR a .smaller iKTcentaKe of fiKe,l earlH)., liiclwrdson infers th.at the 
ti.sphalt luis betMi metarnorphized only pjirt way to gil.-^onite. 

This deposit of asphalt is not being worked at the present time, but is of 
interest from the scientific vit*w-|K)int. 

A sample of litiuid asph.dt taken from seepages in the so-called “McKittriek 
Region, in Kern ( 'ourity, .shows .s|>ecifie gravity at 77° F., of () t)9, and 10 oer 

r; r,:.;:;::;:'""' 

1 “'’r'a' Veins of luKh-Rrude asphalt oeeur in U Gra.io.sa hills 

alK,ut 4 U, 5 mde.s east of the to»„ of Graeiosa in the so-ealled Santa Mari. 
Region. Ihoae are irregular in formation, extending through shale and sand.slone 
and varying from .*veral inehes to 2 ft. in width. Assooiated with these veins 
are beds of impregnatcil asphaltie shale, extending over an area of a mile or 
two, and eontaming a varialde (lorrentagc of asphalt. One of the striking features 
of he.se oceurrenees is the presenee of marine fossils in the veins and surround^ 
shale, indicating that the asphalt ks of animal origin. ^ 

San Luis Obis/w Count//. A large surface dejwsit of soft asphalt pnxluced bv 
^pa^ from the surroiimUng shale oeeiim at Tar Spring Creek, a tributary o^ 
^ Arroyo Grande, 20 miles southeast of San Luis Obispo, eovering an area of 
i. Jit “nil d-15 ft. deep. As it exudes from the shale the asphalt 

18 soft and accompanied with sulphurous water; near the edge of the deposit 

‘"Modern Aapbolt Pavement," loc. cit., p. 206. 
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it appe^ quiU‘ hanl, and at the edge it veigea towanla brittloiieas. No lUiA* 
lytical reaulU are available. 

Orefoo. 

Co(M Couttiy An unusual type of a.4phait occurring in be<l8 of coal hrw Iwn 
reported at the Newport Mine at Libby, and Kerrey's Mine at Riverton, in the 
Coo'^ Bay coal field It is hard ami brittle, aild siinilar tt> coal in Mp|K*aranee. 
Aliout one-third of the non-ininenil matter is insoluble in earl>on disulphide, 
yet the material fus<‘s «t a comparatively low fcin|s‘ralure (almut .MU)' K I. 
and ha.s a sja'cific gravity of less than 1 10 at 77^’ K It may la* n‘garde<l as a 
metamorphi/isl asphalt or a glance futch It constitutes one of those sub- 
Btunces eiicounteriHl oi’rasionally, falling on the Ismler line so t* ■'* it lK*<*omes 
a difficult matter to arrive at its correct classification Kor a long time it was 
known as a “Pitch (oal” ‘ The following data would sch'iii to indicate that it 
partakc‘8 of the pro|K‘rties of an asjihalt mtht*r than of a glance piU’h. 


(T.'M A) l-rti.turc . lUrkly 

yiV.t I u^tr.- dull 

(I'lKt tc Mf'itk 

7l S|«<lllr Kfisllv Ht 77' F ) 

rr.-M U,J| n!.r.li..*r M-.h « At»out l 

al'i iv 111 u.iOi.it lU 77' t 

^ I'cwt ai i ( 'uiiHi^ii Ill’s at 77' F AImim' 100 

(Ti nt HIm ti. (Iiiiii. Hon.-n» nixl fluw* 

( r< 't ivi) 1 O' »»d ao'i" t 

( ri’»i I'.n FmdiHrliiMi 0* 

( ri’Mi .!1-|) .'Nilulil' 111 |||HI|I|||||<I<‘ 0*1 •') O'l .'i''; 

^ r* .(i JIM Null- riiiiH nti niiitur iitwiliiM*’ dl '> .10 , 

(T< *t Jlcl Ffi’i' iiiiiKTul iiihOi r - ^ ‘ « 

j.i) Siiiiiiiii 111 ss' iiN|iiit)iH Aisuii nej, 

(Trst J7l Sul|iltiir * **% 


Mk.xk’o 

State of Tamaulipas. 

Asphalt springs occur at numerous iK)ints along the Tumesi River, which, 
according to Rnhardson,- sliow the following eharuetenstiea: 


(Ti'si 7t S(M < ifi< jfrii'ilv III 77' f 

(Tesi a/,) 1*. n« irntiofi ni 77' I 
(Tccf Ifi) f.oss »f JU' F lino' drv 

Lomu »i dJ'i'’ )’ f'»r 7 lir* (pfiiud rusOriiil) 

I.fiin Hi 4(MI° )' lor 7 hrs 
(Trut 17) nash-ixiiril 
(Tc»t 19) Find ritrhoii 

(Titt Jla) Solubility m rarhoii disiil|d.idi- <rcrin«H| tnalcrifil) 
iTf*t 2lt>) Non-tmrural nialt<T iimolubli* 

(Test 2!i-) Frw’ rnin»-ral matu-r 

Other deposits in the neighl)orhood ahow a larger proportion of mineral matt/cr, 
often running aa high aa 3.'f per e<’nt 

Chijol Asphalt .springs occur also near ('hijol, 2r» miles west of Tampico. 
They are comparatively soft in consistency, testing over 90 per cent soluble in 
carbon disulphide, with less than 10 iK>r cent mineral matter. 

•"Vineteenth Aonu*! Report, ” T 8 Geol Hurvey, Wwb , D C, Part III, 3ft8, 1899. 
’''Modem Aiptudt Paveiaeot,” !<><• cit , p 197 


1 04 1 12 

40 -10 

10 2U% 

1 f. - 4 H7a 
4 3 8 9% 

308" F 
12 0 10 1 % 
89 1 99 0'^;, 

0 r, 1 8 % 
0 r, 9 i7o 
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State of Vera Cruz. 

Tuximri. Similar iloposita arc found in the neighborhood of Tuxpan, some 
flintance from the Tuxpan River, having the same general characteristics as the 
preceding. Analyses show that 90 per cent is soluble in carljon disulphide, with 
les.s than 10 jKir cent of mineral matter. 

ChnjHiiu^lv. Similar deposits are found 15 miles from Timlierdar at the head 
of the 'I'lixpun River, of an exceedingly pure character, testing 99 per I'ent soluble 
in carbon disulphide, and less than 1 per cent mineral matter. The asphalt 
varies in con.si.stency from a .senii-li(|uid to a comparatively hard solid, depending 
upon the length of time it has been exposed to the weather. 


C'UBA 

Province of Matanzas. 

A f)it filled with pure liijuid asphalt has Iwen reported in the neighborhood 
of Santa ( atalina 'rhis oi'curs in a bed of .serpentine, and originally produced 
in the neighborhood of 20 barrels of semi-liquid asphalt a day, derived presum- 
ably from underlying petroleum-bearing strata. Other fiits in the neighborhood 
similarly yield liipiid asphalt 


SOITH AMKHICA 

Vknkzokla 

State of BeiTOudez 

riie siM'allcd Heniiudez “Pitch Lake” occurs in a swaiiijn region 
on llie w(‘.st(‘rfi side of the (iulf of Paria, opposite the Island of Trinidad, 
riu' asphalt “ lake ” extends over 900 acres in swampy land, at the month 
of tb(‘ (Inatiaeo River, atid varies in depth from 2 to 9 ft., averaging 4 ft. 
'riie surface is <'ov(‘r<‘d with vegetation and pools of water. A typical 
view is sliown in Pig. 28. The lake represtmts the exudation of soft 
asphalt from springs distrihuti'd at diffiMX'nt jioints over its area, and 
lonslitntes one of the largest ileposits of pure asphalt yet discovered. 

Its consistency varies in diftercuit jiarts of the lake. Where it exudes 
from the springs, it is (juite soft, and disengages gas freely and copiously. 
The surface of the deposit slowly hardens on exposure to the weather, 
forming a crust varying from several inches to several feet in thickness, 
and sufficiently firm to support (he weight of a man. The asphalt under- 
lie ith, however, is still soft and semi-liquid, and there are numerous 
breaks through the surface from which the soft asphalt oozes. At the 
edge of the lake the asphalt is hard and brittle, due to the eva^xiration 
of the volatile constituents by the heat of the sun. Certain |X)rtions 
of the lake have lieen converted into a cokey imiss as a result of fires 
which must have swept over the lake years ago, due probably to the 
combustion of vegetation growing profusely at the edges. 




C<wt«iy <»f BtrW IPtvIcg Co. 

Wtn. Traii^rtii^ Bermuttez Asphalt 
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The asphalt is gathered by hand, dumped into small cars and run to a 
wharf some miles distant where it is loaded on steamers, as is shown in 
Fig. 29, 

According to Richardson* the dried crude Bermudez asphalt has the 
following composition: 


(Teal 1) Color in 

(Tent 4) Fracture 

(Tent ft) I.UHtrc ... 

(Teat 7) Specific gravity at 77“ F. . . 

(Teat 15d) Tcrn|>erature at which it "flowa” 

(Teat 16) Volatile at 400“ F. in V hra (drie/1 material) 
(Teat 21a) Soluble in carbon diatilphide. . 

(Teat 216) Non-mineral matter inaoluble 

(Teat 21e Free mineral matter 


Black 

Conchoidal 

Bright 

1 005 - 1.075 
i;)5 -188“ F. 

5 81 16.05% 
90 98% 

0 62 - 6 45% 
0 .50- 3 65% 


The crude Henmulcz asplialt is melted to drive off the moisture and 
gas. The water which is present is derived from the heavy rains and by 
overflows from the surrounding country. It is not emulsified with the 
asphalt as is the ca.se with the Trinidad deposit. The {percentage of 
water varies from 10 to about 40 j)cr cent as a maximum. 

Refined Bermudez asphalt tests as follows 


(Teat 4) Fracture . Conchoidal 

(Teat 5) I.uMri'. Very bright 

(Teat 6) Streak ... Black 

(Test 7) Specific gravity at 77“ F. . .... 1 06- 1 086 

(Tent Oa) llanlncHa on Moh'i itcale Bchr than 1 

(Teat 96) Penetration at 77“ F . . 20-30 

(Test 9c) Consistency at 115“ F 7 7 

Consistency at 77“ F . . . 32 7 

Consistency at 32“ F . 93 8 

(Test 9(/) Susceptibility factor .62,5 

(Test 106) Ductility at 115“ F . 14 5 

Ductility at 77“ F 11 

Ductility at 32“ F 0 

(Test 11) Tensile strength at 11.5“ F . , . 0 60 

Tensile strength at 77“ F . . . 3 45 

Tensile strength at 32® F 10 6 

(Test l5o) Fusing-point iK and S melhocl). . , 130 -140" F. 

(Tost 15d) Tem|>erature at which (he asphalt "flows" 170 -180“ F’. 

(Test 16) Volatile matter, 325“ F., 7 hrs. . . ..3 0- 6 0% 

Volatile matter, 400“ F., 7 hrs 8 0^ 10 0% 

(Test 19) Fixial carbon 12 9- 14 0% 

(Test 20) Distillation test' 

0^150“C 9 89% 

15(1-200“ C 7 99% 

200-260“ C 16 08% 

260-300“ C 21 12% 

Above o(X)“ C 0 0% 

Residue 44 92% 


^"The Modem Asphalt Pavement," loc. cit., p. 183. 

*lbid., loc. cit , p. 186; Bardwell, J. Ind. Ena. Chem., I, 973, 1913; I, 865. 1914. 
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(Test 21(1) Solubility m carbon diaiilphide 

M - 

(Teat 216) 

Non-mineml matter inaoiuble 

1.5- 4 0% 

(Teat 21f) 

Frt'* imnerml matter 

15- 6.5% 

(Teat 22) 

Carbenea 

.. . 0,0- 1.0% 

(Teat 23) 

Solubility in KH* naphtha 

.60 -75% 

(Teat 24) 

Grama aolubic in lOU grama o( 

the following aolvrnU 


teokl) 



Am>l acetate . , 

. . .17 


Amvl alcohol 

inaoluhin 


Am\l nitrate 

.10 


Aniline 

Inaoiuble 


Uctiiol 

30 


('arlton <tiauli>hi(|c 

In all profiortlona 


('arbon tctrachlonde 

In all prtiportioM 


C’hl«*rolorni 

2.1 


Kth\l acetate 

24 


Kthil alcohol 

Inaoiuble 


l.th\l ether 

U.*) 


.\itrolH'ti*enc 

24 


I’ropil alcohol 

Inaoiuble 


Toluol 

.13 


TuriHuitiiic 

IIU 

(Teat 2fi) 

Garlxiii 

«2 K)t% 

(Teat 27 1 

II \ <lro|{( II 

It) 70% 

(Tent 2h) 

Sulphur 

5 H7% 

(Ti.xt 

\ltrol£eil 

t» 7.5% 


Tolu' 

lot) 20% 

fTcit 31) 

Pnr.'ifTine 

0 tp’;, 

(’I.M 31) 

.S(it urati <1 hi (IrocjirlMUii* 

23 2.5‘','. 

(T-m :t7(/) 

.'^!i|Hiiiiticiit ion 1 aliie 

2H n 

(T. at >H.|) 

Fr< c io<|ihiilt<iua ai i(|K 

3 .5% 

(T(-l 3H/i) 

Aaphalloui nnh><lriiiea 

2 0 % 

(Tc-I .ihc) 

A«|)hHltcnea 

.1.5 3% 

(Teel :{M) 

Aaplialtic reatna 

14 4% 

(T.-fd 3H/-) 

Oil> constituent ^ 

30 6% 


Im Brea This also occurs as an overflow in the form 

of a lake, on the Island of P(‘dernales in the <h‘lta of the Orinoco 
Hiver, some distance east of the Bennudez Lake. It is al)OUt 
:L20() ft. long, and an averag<* of 2t)0 ft. wide. Similar de|^)HitH on a 
smaller scale are found on the neighboring islands of Patpiero and 
Del Plata. 

State of Zulia 

Maracaibo Deposit. This occurs on the Limon River located south- 
west of the Gulf of Maracail) 0 . It is also in the form of an overflow 
exuding from a numl)cr of springs. The asphalt is gathered by means of 
picks and shovels and transported in barges down the Limon River to 
the Gulf, where it is loaded on ))oanI steamers. It melts at a Iiigher 
temperature than the Bermudez asphalt, and possesses a very strong and 
characteristic sulphurous odor. 
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According to Richardson^ it tests as follows: 


(Test 4) Fracture . 

(Test 6) Lustre 
(Test 0) Streak 

(Test 7) Sf>eeifie gravitv at 77° F 
(Test Drt) HanlneHs, Moh's scute 
(Test 9b) Penetration at 77° F 
(Test 13) Odor on heating . . 

(Test l.W) Temperature at which it flows 
(Test 16) Volatile at 32.'>" F , 7 hrs 
Volatile at 4(H)° F , 7 hrs 
(Test 19) Fixed carlioii 
(Test 21/i) Koluhihty in rnrhon disulphide 
(Test 2lh) Non*tnineriil rnnifer iiisoluble 
(Test 2lr) Free mineral matter 
(Test 22) C’arbenes 
(Test 23) Holiiliilitv III SH° naphtha 
(Test 34) Saturated hyilroearbons 


Conrhoidal 
Very bnght 
Pluck 
1 Oty 1 08 
Less than 1 
20 30 

Charucteriitic, strongly 
sulphurous 
2(X) 2:>0° F 

1 .'>- 5 % 

4 7- 0 0% 

15 0- 19 
92 - 97% 

1 4 5 ()%rt 
1 5 t) 0% 

I 

15 rr,% 

25 ' 30% 


\:vui)vi] 

FhAN’C’K 

Department of Puy-de-Ddme. 

In the vicinity of Clermont Ecrrantl, seoftaKOs'of soft asphalt eviide from 
crevices in the rock, conlainiMK 00 per cent of asphall, 7 per cent water, and 
3 per cent mineral suhstances. 'Phe exudations are comparatively small in amount, 
and the asphalt hiw never prove I of importance commercially. 


A LOAM A 

Selenitza. 

At the junction of the V'ojut/a aii<l Saiichista Hivers, then' occurs a fairly 
large deposit of moderately hanl asph.ilf iti samUlonc and conglonadatc, m vt'ins 
n.s wide as It) ft. Mariiu' fossils are as.sociat('d with this di'posit, indicating it 
to ho of animal origin. 'I'he asphalt breaks with a (‘onchoidal fracture, showing 
a high lustre. It contains between S and I i per cent of mineral matter, averaging 
about 10 per cent, (comparatively large (piantities have been mined. 

Gukkce 

Zante. 

An extensive depodt of asphalt occurs iu the southern portion of the Island of 
Zante, in the form of springs and seepages. 'Phe asphalt is very soft in consist- 
ency, having a s|xjcifie gravity of l.(K) to 1.02 at 77'" 1%, and carrying but a trace 
of mineral matter, with a fairly large profiortion of water in emulsion The 
springs occur in a region of clay and limestone, more or le.ss .saturated with petro- 
leum. These dejwsits have lx;en worked for many genenitions (See p. 10.) 
The asphalt is refined in a crude way by the natives who use it for calking the 
scams of ships, and as a mortar for cementing together the stones of buildings, 
following the same method as practiced centuries ago. 


"Tho Modirti Asphalt I’u\ciiirn(,’’ loo. t'lt , pp 190 |9t. 
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ASIA 

Syuia 

Deposits have l>eon reported at S<>hiiu)r, al)out 30 milea wuth of the City of 
Beirut, also at Latakia in North Syria 'I'hey have never lieen worked to any 
extent.* 

Eastern Siberia 

Sakhalin 

Pntrmce of Xntouv. An a.‘<ph;jlt lake oerur^ on the east eonst of the Island of 
.Sakhalin m a swampy valley, a'^.'^Hiate*! with a very thick variety of p<Mroleurn, 
e\udinj? in the ncif;hlK)rhood Where the a.'-phalt einanutes frtini the Hprintc«i it 
is very <oft and .sticky, hut towards the ed^c'^ of the lake it is hard and brittle. 
The a.sphalt has a rather .strong odor, and contains a .suh.''taiitial quantity of vol- 
atile matter. After Ikuii^? airnlried, if carries OT.*) jK'r cent of moisture, 0 22 }K*r 
cent of a."!!, and the balance pure a.sphalt containinn OSt) to OK.*) iM‘r cent aulphur. 
It IS estimated that at lea.st tons of asphalt, averanuiK 0.0 i>er cent of 

mineral matter, are pre.sent. in the lake I'p to the pn^KUit, the deixjsit ha« not 
Urn ileveloixal commerciall> ■ 


I’im.iiMMNK Islands 

Island of Leyte 

S(n’er.il as[)halt de[)o*'its have been found in this region, one near the head of 
the Ihit.ison Kivi'r, alwuf 0 miles from the Hariio of ( 'amjK)c}M)c, on the north- 
western I'oast of tlie Inland, and another near the town of Villaba.* 'I'liew^ oirur in 
liinestone and 'and'tone. ami extend over an area 12 miles lonn. OutiTops of 
various tirades df asphalt have Iren nqioiled, including the .solid, viscous and 
ln|uid tyiK’s Both jmre and rock asphalts are found, the latter carrying a variable 
proportion of .sand 'I'wo v.uielies of pure, h.ird a.sphalt wea* examined by the 
writi'r, one having' a black color in m.iss, and a ulossy, black, conchoidul fracture; 
another havinjc a dark brown color in nutss, with a hackly, dull fracture. They 


>(tcal a.s follows: 

liUuk Axtphdlt 

liiuwn Aephalt 

(T(si 1) 

I’rufi lire 

('itiii IkhiI'iI 

Jlnekly 

(Tent 

1 loirc 

Rriiflit 

Dull 

(Ti-st <i) 

.sfreiik on piir« el.iin 

ltl.Mk 

Vi IIuwinIi lirown 

'.*r) 

(■f(iisi>^tcii( y at 77" 1 

31 7 

Creiili r Ibau UK) 

(T.-t 10) 

l)(n Olii V Ht ll'- F 

J 

0 

n’e.it l.Vj) 

Fll'IDJJ-tK'Wll 1 l\ (llxl S lllHt 

2^71“ F 

13H" F. 

( n M 21 (i) 

Soluliilit \ 1(1 'xrl.tiii lioulpliui 

<• ys' ; 

99% 

('ro.! 210 

Free jiiitii Oil iiiuo.r 

2',' 

1% 

(Teal 37) 

i>a|)u[iiliubU' iiiatier 

N one 

None 

The brown 

variety is unique. It 

IS somewhat similar 

in physical propertiea 


to montan wa.x, but it is very much more friable When melted it turn« black in 
inuAs, Ircorning liistrou.s (althounh it still shows a yellowish brown streak). 'I'he 
black asphalt is not classed a.s an asphalt ite in view of its comparative floftnew) 
at 77” F. Thc.se deixwits have not yet Ixxrii exploited cotmiicrcially. 

Reports from ihc Connili of Ibe U H . 41 , 228, 1893 
»/’cf. Rtr and Min Sev» , f. |237’.. 2.30. 

• ComnuTcc Report No 170. p 3.W, WMh , I) C, Jul 22, 1915, bIso Philippine Journal of 
Sex, net, lOA. p 241. IlJl.i 



CHAPTER IX 

NATIVE ASPHALTS ASSOCUTED WITH MINERAL MATTER 

NORTH AMERICA 

United States 

Kentucky 

All the deposits in the State of Kentucky are composed of sand and sandstone, 
carrying l)etween 4 and 12 per cent of soft asphalt filling the interstices.* 

Carter County. This deposit occurs one-half mile southeast of the town of Soldier, 
and consists of unconsolidated quartz grains held together by 4 to 10 per cent of 
asphalt, which is comparatively soft and contains a goodly proportion of volatile 
matter. 

Breckinridge County. This depasit is located from 2 to 4 miles south of Gar- 
field, and is composed of unconsolidated quartz grains carrying 4 to 8 per cent 
of asphalt. It forms a hillside ledge nlwut 14 ft, thick with an overburden of 10 
to 20 ft. The deposit hius not t)een w’orked to any great extent in recent years, 
although formerly it was of considerable interest in the paving industry. Other 
prospects occur in this neighborhood, but these have not been develoiied, 

Grayson County. Two dejwsita have been worked in this locality, one 3 miles 
southwest, and the other 9 miles north of licitchficld. The former occurs in a 
stratum 5 ft. thick, impregnated with 0 per cent of asphalt, in an unconsolidated 
quartz sand. The .second was formerly one of the most active mines in Kentucky, 
but has now been idle for a number of years. It consists of a stratum 10 ft. 
thick, carrying 7-12 per cent of very soft lusphalt. A nurnlier of seepages are in 
evidence along the side walls of the quarry and since the asphalt contains a large 
proportion volatile matter, they soon harden on exposure to the weather. Some 
of the seepages examined by Richardson contained 30 to 05 per cent of mineral 
matter, the extracted asphalt showing a penetration of between 35 and 45 at 
77® F., and yielding 12 per cent of fixed carbon. 

Edmonson County. Eldridge reports one deposit of asphaltic sand- 
stone 2 miles northwest of Bee Spring, and another Ij miles to the south. 
At the present time the only deposit in the State of Kentucky worked 
to any extent, occurs about 10 miles west of the celebrated Mammoth 

‘ "Occurrencoa of Petroleum, Natural Oa«, and Asphalt Rock in Western Kentucky," by 
Edward Orton, Oeological Survey of Kentucky, 1891; "The Asphalt and Bituminous Rock De- 
posits of tb« United States," by George H. Eldridge, 22d Annual Report, U. S. Geol. Survey, 
Wash.. D. C.. Part I, p. 340, 1901. 
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Cave, near BrowimviUe.^ It consists of a stratum of fine sand imprcKnated 
with 8 to 10 per cent of asphalt, occurring in irregular lieds 5 to 20 ft . thick. 
The rock asphalt is removed from an open quarry and first run through 
a crusher, then through a set of rolls to disintegrate it into small grains. 
It is used largely for paving purposes and is said to give excellent 
results. 

Warren County. Several depoKitM of saiwl asphalt are located at Younga Ferry 
on the CIrcen River, 12 miles north of the town of Rowling (Ireen. One occura in 
a bo<l al)out 10 ft. thick, and ('arries lietween 6 and 0 per cent of asphalt. A 
second consists of a vein .5 to I.*) ft. thick containing alioiit the same jH'rcentjige 
of asphalt. Roth are uiuIcvcIoikhI. The extructe<l asphalt shows a jicnetration at 
77* F. of 2(X), and much volatile mutter (13 |)er cent at 400“ F. in seven hours). 

Jjogan County. A quarry has liecn oj>cne<l up aliout 5 miUw northeast of Hu#- 
sellville, exposing al>out If) ft. of jisphaltic sandstone in a be<l aliout 100 ft. long. 
'Phe rock carries aliout 7 per cent of .asphalt, which shows very much less volatile 
matter th.an the pna-ciling (alwut 4 per cent Ioks at 400“ F. in seven hour#). Thia 
mine is no longer active. 

Missouri 

iMfiiyfUe County. A IkhI of asphaltic sand occurs 1} miles northw'cst of Hig- 
ginsville, carrying |H’r I'cnt of jisphalt, associatetl with sandy shale. This deposit 
ha.s not l»con workwl commercially. 

Indiana 

While drilling for oil at Princeton, a IhhI of asphalt several feet thick waa 
found 100 ft. l>clow a vein of coal .S'cpages of liquid as))halt have also lieen 
reported in a well in the nciglilwrliood None of these have l>een develoiXMl.* 

Oklahoma 

This state is one of the richest asphalt-bearing centers in the United 
States. Asphalts are found in both the liquid and solid forms, occurring 
as springs, seepages and rock impregnations. Practically all the deiwsits 
are found in the southern portion of the state, Ijctween the 35th parallel 
of north latitude, and the Rc<l River on the south, and included l)etween 
the Arkansas line on the east, to the city of (Jranite, Oklahoma, on the west.* 
This area is shown in Fig. 30, and includes deposits or prospects in the 
following counties: 

Comanche, Jefferson, Stephens, Garvin, Carter, Murray, Love, 
Marshal, Johnston, Pontutoc, Atoka, McCurtain and Leflore. 


» M. H. Crump, J. Royol See. ArU, H, 5M, 1011. 

*“ Contribution* to F.conoml« 0«>lofy, 1002,” BuUcUo No. 213, U. 8, Qopl. Survey, WmH., 
P C , p. 333, 1003, 
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The deposits consist of asphaltic sands, asphaltic limestone, mixtures 
of the two, and rarely asphalt impregnated shale. The principal occur- 
rences are included in Table XXIII. * 

In the njajority of cases the asphaltic impregnation is of liquid to 
^mi-liquid consistency, having a comparatively low fusing-point. It 
is contended by some authorities that the vast deposits of sand asphalt 
previously constituted oil-sands which have been laid bare by the agencies 
of erosion, faulting, crumpling and upturning of the strata, so that the 



lighter oils ami gases have escaped info (he air, leaviiin Hie sand iinprcg- 
nated with the eomparatively non-volatile asphaltic constituents. Most 
Of the depasits occur along pronounced fault lines, although faulting is 
not essential, since certain depo.sits have lieconie impregnated by the upris 
mg of asphalt-bearing petroleum from regions below, through the norous 
sandstone or limestone. ^ 

A characteristic featere of these deposits is the sand grains which 
are round and uncon.sohdated, lieing held together by the asphalt filling 
the voids. When the asphalt is extracted the grains fall apart, and show 
the same general characteristics as an onlinary petroleum-bearing sand 
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NA'riVK ASPHAL'I'S ASStK'lATKl) WITH MINKRAL MAITER 




TABLE XXIII.— ROCK ASPHALTS IN OKLAHOMA— CofK*f»u«d 
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The extent of Uiese deixisits has been variously estimated frOrn 2 to 
13 million tons.^ 

Most of the asphalt mined in Oklahoma has been used for paving 
purposes, and the author has seen many satisfactory pavements laid 
throuRhout the State wliich have excellently withstood the wear and tear 
of tnitfic, also exi)osure to the elements. It is generally necessary to modify 
the ixx'k lisphalts cither by combining the products obtained from dif- 
ferent de|Mxsits, or by incorporating pure sand, until a proper Imlance is 
obtained l)ctwcen the asphalt and the mineral constituents. In general, 
the I)e8t results have Ixhmi obtained with mixtures containing 7 to 10 
|xjr cent of jusphalt in the finishe<l paving com()OKition. 

Numerous water extnietion planU have l>ecn ere<*le<l to separate the asphalt 
from the wind, l»ut mast of these Imve proven unsueeoasful, since the extraction 
Ijroeess raises the price of the refined asphalt so tliat it is unable to eoinpeto with 
jictrolcuin itsphalts obtained from other sources in the neifchlxirhocKl. 

Tests maile with wind n.sphalt taken from the (piarry in C'arter County, See. 
l‘J and N \ Sec. Id, T d S, R 2 W, 18 miles northwest of Anlmorc, indicabd the 
followiiiK. 'I'he dry wind asphalt contmneil 12..') |)er cent of pure asfdialt having a 
fuwng-iv)int (K and S. method) Is'twwm (V> and fit)* F. On subjecting it to the 
water e.xtraction pnx'C.ss, the following nvults were nxxmlcMl: 



PriHliicts 

.Asphalt 

Toial Pure 


Uer«»\enni, 

t'ontriit, 

Asphalt, 


per (Viit 

per Cenl 

per Cent, 

.\Mplmlt r<‘(o\eri‘<l 

6 

95 

5.7 

Iiupure iu<phiilttc rcHulue 

.{ 

60 

1.8 

S< pi<rnU‘<l •^niiil 
\ olatili* :u«|ilinlt 

ni 

n 

2 .1 

2 7 

i 

\sphiiU in crude rock 



12 5 


UK) 




On l)oilmg the crmle rock with water, impure asphalt rises to the surface, and 
the “sand w.aslc” settles to the Isiftom. Upon dehydrating the impure aaphalt, 
more wind settles out, constituting iihat is designated “Impure Asphaltic Residue." 
The pure asphalt drawn olT from this residue is tenned “Asphidt Recovered." 

The “Asphalt Recovered" (xmtained f) per cent of mineral mutter and teatid 
a.s follows: 


(Test 9c) ConnUtcncy »t 32* F 10. 0 

ConsUt^ncy st 77* F 1-5 

Consistency at 115" F 0,0 

(Test 9d) Susceptibility factor. 15 

(Teat I5a) Fusing-point (K and 8. method) 05-90* F. 

(Teat 16) Volatile at iliOO" F. in 4 hra 10% 


‘••Roek Asphalts of Oklahoma and Their Use in Paving," by L. C. 8nid*V; Petrphumt 9 , 
974, 1914. 
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Bxamination of Rttidue (/rom Tegi 16) 


(T«rt 9e) CoMi»t«icy at 82* F 72.6 

CoDtiatenoy at 77* F 10.7 

Conriatency at 116* F 1.1 

(Teat 0<0 fluaceptibility factor 63.1 

(Tart 106) Ductility at 77* F Over 100 

(Teat 16o) Fusing point (K, and 8. method) 116* F. 


Upon evaporating the “Asphalt Recovered'^ at 250-260® C., the following figures 
were recorded: 


Total Loss, Per Cent. 

Fusing-point. 

Hardness at 77® F. 

16 

120 

14.0 

20 

125 

25.0 

26 

147 

36.3 

27 

165 

51.3 


A sample of the “Asphalt Recovered” upon being blown with dry air at 300® 
C. for nine hours, lost 2.3 per cent in weight, showed a fusing -point of 165® F., 
and a hardness at 77® F. of 48.0. It is apparent that the extracted asphalt is 
scarcely affected by blowing, and thus differs from asphalts obtained upon dis- 
tilling petroleum. This is further corroborated by the author's observations on 
paints made from the extracted sand asphalt, which were found to be hiff/ilf/ resist- 
ant to atmospheric oxidation. A .sample spread on cloth and expo.sed to air indoors 
for about a year, showed scarcely any diminution in tackiness. Petroleum asphalts 
of the same consistency when to8te<l in a similar manner, dry out in a much 
shorter time. 

A mixture containing 82 per cent of the “Asphalt Recovered” fluxed with 18 
per cent of grahamite, showing the same fusing-point (165® F.), tested as follows; 


(Test 7) Specific gravity at 77® F 1.09 

(Teat 9c) Conaiatency at 11.5® F 14.7 

Consistency at 77® F 27.1 

Consistency at 32® F 65.4 

(Test 9d) Susceptibility factor 30.7 

(Test 106) Ductility at 115" F 4.5 

Ductility at 77" F 10 

Ductility at 32® F 0.0 

(Teat 11) Tensile strength at 115® F 1 8 

Tensile strength at 77" F 6 5 

Tensile strength at 32® F 9 5 

(Test 15<i) Fusing-point (K. and S. method) 166® F. 

(Test 16) Volatile at 600® F. in 4 hrs 0.5% 


Lotdsiant. 

LafayeUe Parish. A sand asphalt deposit has recently attracted attention about 
5 miles from Lafayette, covering about 50 acres on the surface.^ 


Texts. 

Montague County. Deposits are reported 3 to 3| miles northeast of the City 
of St. Jo, carrying between 6 and 11 per cent of asphalt, averaging in the neigh- 
boriiood of Z per oent, although the percentage varies in different localities. They 
* Manufaoturtn Rec., Tl, 64, 1917. 
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contain aindstone, or a mixture of aandetone and limeatone, but an a( M can- 
merctal importance. 

Burrut County. Thin occurrence in at Post Mountain near the town Buinet, 
and consists of an asphaltic limestone, containing about 10 per oe>nt of aephalti 
of a very soft consistency (having a {x^netration of 20-260 at 77* F.). 

Vi'olde County. The most imfxjrtant Texan deposits are found in the aouth- 
western part of this county, alwut 18 to 25 miloa west of the city of UvaldOi in 
the region of the Anacacho Mountains. They consist of limeatone, carrying 10 
to 20 per cent of asphalt, averaging aliout 15 |)er cent. Crystalline calcite ia 
present, also numerous fossil remains of molluscs, indicating the asphalt to be of 
animal origin. The deiwsita have been traced for several miles, but their exact 
extent is not accurately known. A large quantity has been quarried, and from 
recent reports the deposit is still being operateil. The impregnating asphalt is 
quite hard, showing a conohoidal fracture and brilliant lustre. It has a moderately 
high fusing-point, and analyzes: carlion 81 per cent, hydrogen 12 per cent, sulphur 
OJ per cent, nitrogen ) per cent; total 100 |)er mit. 

Other deiiosits of the same general charac'ter arc found in the neighl)orhood. 
One 20 miles south-southwest of Ovalde iiixl 5 miles south of the preceding quarry 
showetl 12 f)er cimt of asphalt with 17 |K*r <*ent of fixeil caiixin. 

Andermn, Jasper^ and Cmke (\nintuH. Minor deposits are reported in these 
counties, but are of no commercial value.* 


Utah. 

Carbon County. A deposit of asphaltic limestone occurs at the head of the 
right-hand branch of Pie Fork, a canyon northwest of the town of ('leer Creek. 
The rock is non-uniform in composition, some containing lietwoen 6 and 14 per 
cent of asphalt (having a |)enctration at 77^ F. of 7 to 15), and some as high at 
75 per cent (showing a penetration of 45 at 77® F.) with scarcely any fixed carbon. 

(Hah County. A large area undcrlaiil with asphaltic limestone occurs just notify 
of Colton, and south of Strawberry Creek, extending from Antelope Creek on the 
east to Thistle on the west. The iirincipa! deposit is at tho town of Asphalt. 
No analyses arc available. 

Grand County. At the head of the West Water Canyon about 20 miles north 
of the town of West Water, there is an asphaltic limestone deposit containing 
50 per cent asphalt and 50 f>rr c<*nt limestone. Investigations indicate that this 
asphalt is a progenitor of gilsonite. The extracted asphalt is reported by Kich- 
ardson to test as follows: 


(Tent 7) HfS'oifir itrRvity Rt 77* F l.WT 

(Tfnt 96) Penelralion *t 77* F 2a 

(Twi 16) Volatile at 212* F, 1 hr 2.$% 

(Teat 19) Filed carbon S.0% 

(Teat 23) SoIubKin 88* naphtha U.7% 


Uinta County. The largest der>o8il of asphaltic sandstone occurs southeast of 
Vernal, north of the White River, Iwtween the Ashley and Uinta Valleys, in a 
vein 3 to 16 ft. wide.* It contains in the neighborhood of 11) per cent asphalt. 
Another deposit, or rather a aeries of deposits, occurs in Aigyle Creek, a trib- 

i"A Contribution to th« Cberaiatry of 8om« of tho Asphalt Rooks Found la Toom,** by 
H. W. Harper; University of Teams Mineral Survey No. 3, May, 1903. 

• Wigglosworth, IVoii*. Am Intt. Mtwtnf Jfna-, It, 115, 1808. 
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utary of the Minnie Maud Creek, which in turn flows into the Green River about 
20 miles south of Ouray. The material consists of an asphaltic sandstone, exploited 
under the name “Argulite,” carrying between 8 and 10 per cent of asphalt. The 
extracted asphalt tests as follow.s: 


(Test fi) I.UBtre. 

(Test fi) Htreak . 

(Test 7) Hpccific gravity at 77® F 

(Test 9i) Penetration at 77® F 

(Test l.W) Temperature at which it flowi 

(Test 10) Volatile at 326® F in 7 hrs 

(Tost 19) Fixed carbon 

(Teat 23) Soluble in 88® naphtha 

(Test 20) (-urbon 

(Test 27) Hydrogen. 

(Teat 28) Sulphur 

(Tests 29 and 30) Nitrogen and oxygen 


89 9% 
9 0% 
0 0 % 
1 1 % 


Bright 

Black 

0 997-1.013 
14® 

140® F. 

25 8% 

8 r>5% 

88 % 


Total 

(Test 34) Saturated hydrocarbons 


100 0 % 

25 0% 


Utah County. A sand a.sphalt deposit occurs aliout IJ niile.s from Thistle, 
carrying 12 ixjr cent of asphalt. This has been operated to but a small extent. 

Carbon County. Deposits of bituminous .sand have l>een reported 8 miles from 
Sunnyside on the tribubirie.s of Whitmore C'anyon, carrying 11 per cent of very 
soft tisphalt. The extracted asphalt tests as follows: 


(Test 16) Volatile at 32'')® F . 7 hrs 6 6% 

(Test 19) Fixed carbon .6 0% 

(Tost 23) Solubln in 88® naphtha 91 8% 


California 

Mendocino County. Deposits of a.sphaJtic sand are found 2 miles north of the 
town of Point Arena and 1 mile from the coast, carrying between 6 and 7 pet 
cent of asphalt. A similar deposit occurs just north of Port Gulch. 

Santa Cruz County. Large depasits of asphalt sand occur 4 to 6 miles north- 
west of the city of Santa Cruz, near the summit of Kmpire Ridge, a spur of the 
Santa Cruz Mountains, miles from the coast. A numl>er of ipiarnes have Ijeen 

opened up in this region, and the product u.sed for con.structmg pavements in 
Santa Cruz and San Francisco. 'Fhe rock contains betwiion 10 and 17 j per cent 
of a very soft asphalt with a substantial pro|)ortion of volatile matter. The veins 
vary from 2 to JiO ft. in thickne.sa, as shown in Figs. 81 and 82. 

Monterey County. Several dejxisits of asphaltic sand.stone are scattered through- 
out the Salinas Valley. A prospect occurs about 10 miles from King City, com- 
posed of particles of quartz, feldspar and mica, impregnated with a varying per- 
centage of a.sphalt. Another de|x)sit occurs 7 miles .southeast of Metz at the head 
of Chelone Creek, of the same general character. A large vein, al)out 125 ft. 
thick and 3 miles long, has been reported near San Ardo, compo.sed of coarse 
quartz grains, and a little feldspar, impregnated with a small percentage of asphalt. 

San Luis OHsim County. Sand asphalt deposits occur alxiut 80 miles south- 
west of the town of San Luis Obispo, consisting of a numlier of actively worked 
quarries. The rock is fine grained, of even texture, consisting mostly of quartz, 
with a small quantity of feldspar. The percentage of asphalt varies from 8 to 
18 per cent, averaging alx)ut 10. 



NATIVE XspHAL'rs ASS(K'IATEt) WITH MINEHAL MAmR 103 


Sonia Barifora County. i>anta Maria Hogion A-wooiat^nl with tJwi pure fMphalt 
deposit descnbeil on page H4, lones of juspliaJt-impregriafcd shale have lieon reported 
on the western slope of the Azufre Hills, containing M) to 40 per rent of naphalt. 

Siscjuoe Region. Dcfxjsits of sand asphalt larur in the neighliorhood of the 
town of Sisquoc, carrying lietwt'en 14 and IH iht ct‘nt of asphalt. The largeet 
vein occurs in Bishop’s (Julch, al)out 100 ft. thick, running fairly uniform in com* 



Fig. 31. — Sand Asphalt (Quarries in S.int.i Cruz, ('ounty, Val. 


position. Some time ago an attempt was madt> to ninovi* the asphfdt by extraction 
with solvents, but the process jirovi’d t<M) iwtly and had to Isj abandoned. Similnr 
deposits are found in the ncighlxirhmxl of L-i Brea ('reek, where a vein of sand 
asphalt occurs 20 to t30 ft thick; also at lyOs Alamos ('reek. 

(iaviota Region. A prosficct ha.s lw‘en n*jK>rte<l in this locality consisting of a 
bed of sandstone and conglomerate alKuit 2.", ft. thick, containing 7 to 8 per cent 
of asphalt. 

Mores’ I.Anding. This deiwsit is found on the seacoast about 7 miles west of 
Santa Barbara, occurring as veins and irregular masses in omsive sandstone cliffs, 



104 


ASPHALTS AND ALLIED SUBSTANCES 


at least 100 ft. thick. According to Eldridge it contains 30 to 60 per cent of 
asphalt and has a strong resemblance in structure, brilliancy, and fracture to 
gilsonite, although it is very much softer in consistency. 

La Patera Region. A vein of asphalt of historical interest only, occurs about 
10 miles west of Santa Barbara, clase to the cojist. It varies in width from 2 to 
12 ft., with a numljer of lateral branches several inches thick. The asphalt is 
associated with 30 to 50 per cent of mineral matter composed of shale, sand, and 



Fia. 32.— Sand Asphalt (iuarri<‘s in Santa Cnu County, ( al 


clay. It is stated that 30,000 tons have l)een removed from this mine, te.sting, 
when dried, as follows:^ 


(Test 4) Frttcturo 
(Test 6) Lustre. . . 

(Toit 6) Streak 

(Teat 7) Specific jrra\ity nt 77° F 

(Test 9a) Hardness on Moh’s scale 

(Teat 96) Penetration nt 77° F 

(Teat 15rf) Temperature at which it flows 

(Teat 16) Volatile at 400° F , 7 lirs 

(Teat 19) Fixed carbon . . 

(Test 31a) Soluble in carbon disulphide 

(Teat 21c) Free mineral matter ... 

(Teat 23) Soluble in 88° naphtha 

(Teat 28) Sulphur ... 

(Teat 34) Saturated hydrocarbons 


Irrejcular 

Dull 

Black 

1 38 

2 
0 

300° F. 

2 5 % 

14 9% 

Approx 50% 
About 60% 
21 6 % 

6 2 % 

8 . 1 % 


‘ " The Modern Asphalt Pavement,” loc. cit , p. 201. 
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Carpiiiteria Rodion. This roinfK>so<l of n8[>haltir sand about 15 ft, ihidk, 

I>nng along the oocan’s shore, is illustnited in Fig :i3. It contains 18 to 20 per 
cent of asphalt filling the interstices of unconsolidated quarts grains. Some time 
ago a prot^esa was instilleil for extracting the asphalt with w’ater, but this never 
proved succe.ssful coinniercially. 

Orange CouuUj Rituininous sjinds have lieen refxirtiHl 4 miles southwest of 
Chino, in a layer alx)Ut fi ft thick, containing varying |>erct'ntag<‘M of asphalt. 



Fk; ‘X\. A.sfiliallic Sand on tlie >hore at CarpiiHeria, Cal. 


Canada 

Alberta 

McMumiy Ifrgwu. Vast (le|K»^its of .isiih.dtic sjind.s ormr on lioth banks of 
the Athaba-ska River, and its tnbut.-.rv. the Clear Uater River, covering prolmbly 
not le.s.s than T-W square niil(‘s ‘ A < h.ir.u ten.stic view of the outerop on the Atha- 
b.'uska River is .shown in Fig. 34 (d ami H) 

These .siinds conUiin alK»ut 19 |M*r (vnt of as|>halt, wliieh is amenable to the 
water-extraction pr<K“Os.s. A a[)eeiincn of the extra<'led asphalt examined by the 
author tested n.s follow 


(Tort 7) SiHuifir jrr!>\av 77“ F 
(Test Ob) Poiirlralion at. 77“ F 

(Tent Or) Corixistom* tor hanlnoiw at ll'i'^ I' 
ConBistomolor hnntnoHs «( 77'^ t 
ConBwlomoior hardnosw at 32“ V 

‘ " Bituminoua Sand* of Northern Alberta, ’’ by S. C 

toil. 


1 022 
T«h> iw)ft 
for tf*i 

0 0 

... 0 0 

2 7 

Fils, L>(*pt of Minm, Ottawa, Carndo, 
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(Teat 106) Ductility nt 115“ F . 

Ductility at 77“ F. . . . 

Ductility at 32“ F 

(Teat 15<l) Fuaing-point (K and 8 method). 
(Teat 16) Volahle at 5(K)“ F in 4 lira 
(Teat 19) Fixed carhon 
(Teat 21a) Soluble in earbon disulphide 
(Teat 21c) Free mineral mutler 


2.0 
7 0 
12 5 
50“ F. 
17 9% 
10 55% 
97 3% 
2.7% 



(\) 



(H) 


Courtoay of S. C. Ells. 

PiQ. 34. — Asphaltic Sand on Banks of Athabaska River, Alberta, Can. 


The non-volatile matter t(‘.sted as follows: 

(Teat 7) Specific griiN ity at 77“ F 1 028 

(Teat 95) Penetration at 77“ F 52 

(Teat 9c) Consistency at 115“ F .3 7 

Consistency at 77“ F 85 

Consistency at 32“ F . ..... 49 .3 
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(To«t 9<0 SuBceptibility factor 

(Te«t 106) Ductility at 115® F 

Ductility at 77® F ... 

Ductility at 32“ F . 

(Teat 11) Tensile strength at 115“ F 
Tensile strength at 77“ F 
Tensile strength at .3_’“ I’ 

(Teat 15<i) FusinK-temfHTuture iK aiui S iiiftlitxl) 
(Teat 19) Fixed carbon 


3rt 5 
34 5 
45 0 
0 5 

0 3 

1 5 
25 5 
125* F 
12 33‘7^ 


The cnide asphalt, after heinf? teniiw'rt'il with luKlit tonal pure sand to reduce 
the percentage of asphalt, has given .‘^ucccKsfnl r«\Milf'< for paving pur|>oses in Ed- 
monton, Canada. 

Mexico 


Several deposits of sand asfilialt have Ummi report ctl in the ncighlwrhood of 
Tampico and Vera Cruz, containing to 1 1 jmt cent of a.sphidt, but none have 
been developed commercially. 

ClBA 


Province of Matanzas. Scnii-<oli<l asphalls have bi'on mined for many years 
at the bottom of Cardenas llarlMir 'I'Im* mo*'l im|M»rlant di'iwint, known as the 
‘‘Constancia Mine," occurs about 12 ft b(‘low llic level of the water, ano is conw'- 
qucntly mined with diflicult\ Other dcpovit-* of vrmi-li.iuid aq.halt containing 
more or less mineral matter, occui at the moiiih of tlic I.;i I’alma Uuer. alsuit 20 
miles from ('ardenas; also near Sabimlla «lc la P.ilma. alxait .10 miles east of 
Cardenas and 4 to 5 miles west of Hato Nuevo y\iialys(‘s are not available. 

Province of Pinar del Rio. l)< iM)Mts of sand asphalt have la'cn n'|)ort«l at 
Bahia Honda and Muriel, in the neighboiluMHl of Maricl Bay, also at Vucita 
Abajo. No analyse.s are available 

Province of Havana. An extensive deiMi^it known aa the ‘ Angelo Elmira 
Mine," has lieen fouri.l near Bejuc.Ml. .-.bout is miles .south of Havana, assoi'iated 
with mineral matter compos'd of <-ahiuiii cailionate, sihea, and mheates, which, 
according to Iliehardsoii,' tesl.s a.s follows: 


(Test 1) Cdliir 111 nuiM.s 
(Test 4) Frartiin- 
(Tcfl 5) I, list re 
(Test 0) .Stn-uk 

(Test 7) Speeit'ic griiMlv ui 77 ’ I 
(Test 9a) Hiirdru-ss, Mob's 
(Te«t 96) Harilneas. ixiK iroiiiMir jtl 77' I 
(Test 15d) Tomp«Tature af uludi n 
(Test 16) Volatile at 32.5“ F . 7 hr- Mr\ s.,l.-l.irM . I 
Volatile at 400° F . 7 hr- (<lr% Mib-O.te. ) 
(Test 19) Fixeil carlion 
(Test 2lo) Soluble in carbon .liHUInhoh' 

(Test 21c) Free mineral matter (ealemn. . urla.nate, . le ) 
(Test 23) Soluble in 8H“ naphtha 
(Test 28) Sulphur 


mark 

H<>mi-eoiicholdal 

Dull 

|{eihliMh brown 
If* bn*wn 
1 .10 I 3.5 

0 

240 270“ F. 
Abf.ut 1% 

Ab«)Ut 1J% 

17 4 25 07c 
70 7.5% 

21 2H7o 
32 .V)% 

About 8 3% 


Province of Camagucy. Impure .M.ft and hard asphalt tleiKwita arc found near 
Minas, a nff nali tow’n between Cuinague> .md NiuvitaH. 

I ‘'Tbe Modern Asphalt Pav. me nt.” loc cit . p. 195. 
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SOUTH AMERICA 

Trinidad 

St Patrick County. 

One of the largest deposits of asphalt in the entire world occurs on the 
Island of Trinidad^ on the north coast of South America, situated a short 
distance from the mainland of Venezuela, between the Caribbean Sea 
on the west and the Atlantic Ocean on the east. 

Small deposits are scattered all over the Island, but the largest one 
known as the “ Trinidad Asphalt Lakc,’^ is situated on La Brea Point, 
in the Wards of La Brea and Guapo, on the western shore. The lake 
is situated on the highest part of La Brea Point, 138 ft. above sea level. 
It covers an area nearly circular comprising 115 acres, in a slight depression 
or shallow crater at the crest of the hill. The exact location of the lake 
is shown in Fig. 35. The lake mefisures al)Out 2000 ft. across and over 
136 ft. deep in the centre, l)ccoming shallower towards the edges. A 
panoramic view is shown in Fig. 36. 

The asphalt surface is broken up into a series of large folds with accu- 
mulations of rain water in the crejises. A typical view is shown in Fig. 37. 
The entire mass of asphalt is in constant but slow motion from the centre 
towards the edges, probably due to the continual influx of solid material 
at the centre, accompanied by a strong evolution of gas which imparts 
a porous or honeycoml)ed structure. The evolution of gas through the 
water is shown in Fig. 38. Wherever a hole is dug in the surface, it slowly 
fills up and disappears. The asphalt is softest in the centre of the deposit, 
and gradually hardens towards the circumference. Even in the centre, 
the consistency is such that it will bear the weight of a man, and can \)e 
readily broken out in large masses with picks as shown in Fig. 39. 

Shrubs and small trees grow on the surface in isolated patches known 
as “ islands,” which slowly migrate from place to place with the move- 
ment of the asphalt. Grassy vegetation extends along the edges of the 
lake merging into the surrounding country. 

The crude asphalt is loaded on small cars run by cable over the lake 
in a loop, the rails being supported by wooden ties which must be replaced 

* lUport of th« Inspector of Asphsit and Cement. EnKineering Department, District of Columbia, 
Wash., D. C., 1892; “On the Nature and Orisrin of Asphalt," published by the Barber Asphalt Pav- 
lAg Co., Long Island City, N. Y., Oct , 1898: "The Modern Asphalt Pavement," by Clifford Rich- 
ardson, 1908, p. 176 et set).: “Trinidad and Bermudei Ijike Asphalt and Their Tse in Highway 
CoastruoUon," by Clifford Richardson (pamphlet): “The Wonderland of Trinidad," issued by the 
Barbar Aaphalt Paving Co. (pamphlet)' “An Eianiination of Some Bituminous Minetals," by 
P. C. Qarrett, J, Soc. Chem. Ind., 81, 314, 1912; "The Proximate Composition and Physical 
Slrueture of Trinidad Asphalt," by Clifford Richardson, Proc Am Sor Tffting Materialt, 
% 509, 1906: “Studies in Asphalt," by C. J. Frankforter, /. Ind. Eng. Chrm , I, 239, 1910; "The 
Hydroearbona of Uub." by Bardwdl, et al , J. Ind. Eng. Chem., I, 973, 1913; also 6. 865, 1914, 
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from time to time as they gradually sink into the surface of the asphalt. 
The asphalt is transferred to an inclined cable way at the end of the loop 
which runs to the shore, and thence to a long pier where it is dumped 
on board steamers. (Fig. 40.) 

It has l)een estimated that the lake contains over 9 million tons of 
asphalt. Although vast quantities have l>een removed in the past, the 



level of the lake has not sunk more than 8 to 10 ft. since the rate of 

influx cloaely approximates the quanWyremovwl. 

The fresh material consists of an emulsion of asphalt, gas, water, 
sand and clay. According to Richardson' oil sands occurring at a depth 

^ ^ • 1 Trinidad Afoltslt, Ifiteretting from the Vi*w ol DiUNinold 

.-A U.M. N.t'L .„d or*, o. »a A.pl«U." b. 
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NATIVE ASPHAE1B AM)CIATED WITH MIKEEAL MATTIE ill 



Omimy of Biirbir Aupbiit Paviai Co* 
Pm, 37,— Folds in tho Surface of Trinidad Lake. 



Coortaiy ©f AupMt 

fiG. ivolutioB of Gas TmM$d Lake. 
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cany an asphaltic petroleum and natural gas under high pressure, which 
on coining in contact with a paste of colloidal clay and silica are converted 
into the asphalt which emerges at the surface. (See page 65.) 



Courtesy of Barber Asphalt Paving Co. 
Pio. 39.— Gathering Trinidad linko Asph.alt, 



Courtesy of Barber Asphalt Paving Co. 
Flo. 40.— Transporting Trinidad Lake Asphalt. 

The crude Trinidad lake asphalt is extremely uniform in composition, 
as is evident from analyses of samples taken from different points over 
the surface, calculated pn a water- and gas-free basis. 





NATIVE ASPHALTS /VSJSOCIATED WITH MINERAL MA1TER 113 

The crude material, when freshly sampled at the centre of the lake 
is composed of: 

Water and gas v(datiliaed at 100* C 

Asphalt soluble in carbon disulphide 
Asphalt absorbed by mineral matter 
Mineral matter on ignition with tricalcmm-phosphate 
Water of hydration in mineral matter . 

Total 

Specimens taken from various portions of the lake’s surface, after 
pulverizing and drying to constant weight in air at room temperature, 
appear fairly uniform in composition, averaging:* 


29 0 % 

39 0% 

0 3 % 

• • . 27 2% 

4 

99 8% 


Soluble in carbon disulphide ^,5 0^ 

Free mineral matter 35 s% 

Water of hydration, etc.. 0 7% 

The so-called “ Water of hydration, etc.” includes water chemically 
combined with the clay, asphalt ad-^orlxMl by the clay and not remov- 
able by carl)on disulphide and the inorganic salts which are volatilized 
on ignition ui)on detenniniiig the mineral matter. 

The emulsified water contains mineral constituents in solution to 
the extent of 82.1 grams (at 110° C.) |)cr kilo, composed largely of wnlium 
chloride. The gas is a mixture of methane, carbon ilioxide, and hydrogen 
.sulj)hide. The mineral matter consists of extremely finely divided silica 
and colloidal clay. 

The crude asphalt is subjected to a refining process by heating it to 
160° C. to drive off the water. A small amount of volatile matter is also 
removed during this treatment. The ixdined asphalt tests us follows: 


(Tost 

1) 

Color in mass 

Black 

(Toflt 

4) 

Fracture 

Conrhoidal 

(T(-9t 


Lustre 

Dull 

(Test 

0) 

Streak 

Black 

(Tc-Ht 

7) 

Specific KriiMty at 77° F 

... 1 40-1 42 

lTc-»t 

9a) 

IlardnoHs, Moh's scale 

1 -2 

(Tost 

96) 

Penetration at ll.'i" F 

10 -1.') 



penetration at 77° F 

16 4 0 



penetration at .'12° F ... 

0 2.'-) 0 75 

(Test 

9c) 

Consisti-ncy at 11.')° F. 

32 7 



Consistency at 77° F 

74 9 



Consistency at .'12° F 

Above lOCt 

(Tost 

m 

Su'-coptibility factor 

Oreater than 80 

(Test 

10a) 

Ductility (Dow Method): 




At 11.'')° F 

. . . 8 0 



At 77° F. 

. . . 1 8 



At 32° F 

0 1 

(Test 106) 

Ductility (Author’s Method) 
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Twt U) 

Tenaile atrength (Author’s Method): 



At 116» F 

4 15 


At 77* F 

21 0 


At 32* F 

27 0 

(Teit 14o) Behavior on heating; 



At 0* C . . 

Brittle, crumbled rather easily 


From 5 to 10* C 

Slightly brittle, not ‘‘crumbly” 


From 20 to 26“ C 

Lesa brittle, not “crumbly" 


From 45 to 60“ C 

No apparent change 


From 65 to 70* C 

Begins to soften 


From 102 to 108* C 

Fmtirely melted 


From 120 to 125* C 

Consistency of molasses, ap- 
peared stringy or fibrous 
when stirred 


From 160 to 156* C. 

8lightly mobile 


From 170 to 175* C. 

Very mobile 


From 208 to 210“ 

Flashes 


From 233 to 236“ C. 

Burns 

(Teat 15o) Fusing-pomt refined asphalt (K and S 



method). 

188* F. 

(Teat lf)o) Fuaing-point, pure asphnlt extrueted from 



mineral matter 

1311“ F. 

(Teat IM) 

Temperature at which it flows 

190“ F 

(Teat 10) 

Volatile at 326* F , in 7 hrs 

1 1-1 7% 


Volatile at 4(K)* F , in 7 hr» ^ 

4 0 6 26 

(Teat 10) 

Fixed carbon 

10 8-12 0% 

(Teat 20) 

Dialillation teat: 

0-160* c u^:\<o 

160-200“ C 10 42' 

200-2,60* C 2 20% 

Coke and aah 72 30% 

Total.... 100 (Ml';, 

(Teat 21) 

Soluble in carbon disulphide 

60-67% 


Aaphalt retained by mineral matter 

Mineral matter on ignition with tricalcium- 

0 3% 


phosphate 

38 6'*;, 


Water of hydration (clay and silicates) , 

4 2';, 

(Teat 22). 

(]!arben<*« . . 

0 0 1 3% 

(Teat 2.1) 

Soluble in .88“ naphtha (pure asphalt) 

02 04% 

(Teat 24) 

drama crude dry matciial soluble in 1(K) 
grama cold .sohenr 



Amyl acetate 

132 


Amyl alcohol. . . 

Insoluble 


Amyl nitrate . . 

84 


Aniline , . 

3 


Beniol 

48 


Carbon disulphide 

In all proportions 


Carbon tetrachloride 

In all proportions 


Chloroform 

10 


Kthyl acetate. . 

30 


Ethyl alcohol. 

Insoluble 


Ethyl ether 

109 


Nitrobenxene. ... 

39 


Propyl alcohol 

Insoluble 


Toluol. 

39 


Turpentine . . ... 

Solubility of pure aaphalt upon extraction 
cold by: 

116 


Aeetone 

21 7% 


Benaol 

90 9% 


Chloroform 

03 4% 


Ethyl ether 

68-9% 



NATIVE ASPHALTS ASSOCIATED WITH MINERAL MATTER 116 


(Test 26) Carbon 80-82 ^p • 

(Teat 27) Hydrogen 10-11% 

(Test 28) Sulphur 6 - 8 % 

(Teat 29) Nitrogen. .0 5-0 8 % 

(Test 33) Paraffine . .0 0% 

(Test 34) Saturated hydrocarbons. ... 24 4% 

(Test 37d) Saponification value 40 q 

(Teat 38a) Free asphaltoiii acids 0 4 % 

(Tfst 386) Asphaltous acid anhydrides • 3 91 ^ 

(Test 38c) Asphaltenes 37 0 % 

(Test 38d) Asphaltic resins 23 0% ' 

(Test 38e) Oily constituents. 3 1 0 % 


So-called Trinidad “ land asphalt ” represents material which over- 
flows from the lake at its edges, where it has lieen exjiosed to the action 
of the weather for centuries. It is derived from the same source as the 
lake asphalt, and has the same general physical and chemical character- 
istics. It is known under various names; .or example: “ cheew pitch " 
is a variety which resembles the lake asphalt most closely with respect 
to its containing gas cavities; iron pit('h ” is a variety which has 
hardened on exposure to the weather to such a degree that it n'semhles 
refined lake asphalt; “ cokey pitch ’’ is a variety which has Iieen coked 
or carbonized by brush fires, etc. 


The land a.sphalt varies in its compo.si(ion from place to place, but difTen 
from the lake asphalt in the following res|)ec(«: 

(1) It contains los.s gius and water than the lake asphalt 

(2) It contains a slightly higher percentage of mineral matter (from 1 to 2 
jicr cent). 

(3) More of the volatile ingredients have l)cen evajwratcd. 


These influence the tests as follows: 

The specific gravity is somewhat higher (up to 1.45). 

'i’he hardness i.s greater. 

The fusing- and flowing-points are higher (lietwccn 30 and 40® F.). 

The volatile matter is less (about 1 jkt cent). 

The percentage of fixed carf>on is slightly higher (alxxil 2 per cent). 

The following table shows the quantity of iwphalt proiluced during the yean 
1912-1916, in long tons: 

T.MU.I. XXIV 


1912. . 
1913. . 

1914 . 

1915 . 

1916.. . 
1917 


To I’mteu Stateh 


Lake 


95,111 
123,87.31 
67, . 3 . 57 1 
118,001 
117,7191 
119.149 


Land Total 


8 600 
1,400 
2,950 
1,250 


10.3,711 
125.273 
70, .307! 
119.2.51 
11 7 . 719 ] 
119,149' 


1 To Li HoiT 

1 

To^fTHEK (’o< NTHlra 

(Srand 







total. 

Lake 

Land 

Total 

Lake 

Land 

Total 


85,299 


85,299 

486 


486 

189,406 

104,153 


104,153 

W)5 


605 

2:<0.0.3l 

76.297 


75.297 




145604 

18,025 


18,025 




136,026 

13,380 






131,009 

' 11,496' 


11,496 

1 


• J 

130.645 
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Argentine 

Profince of JoJuy. An asphalt lake, known as the “Lai^una de la Brea," 
occurs gome distance northefist of the City of Jujuy. The asphalt is sulphurous, 
of a semi-liquid consistency which hardens at the edges. It is mixed with more or 
less earthy constituents. Seepages of mineral oil are also found locally. 

Province of Chubut. Deposits of soft, impure iisphalt are reported in the vil- 
lage of Comodoro Rivadavia, associated with .seepages of a.sphaltic petroleum. 
The asphalt has not been developed, and no analyses arc available. 

EUROPE 


France 

Department of Landes. Near Hastenne, a moderately large-.sized deposit of 
asphaltic sand is found, a.s.sociate<l with fossil shells, indicating that this asphalt 
is of animal (marine) origin. These .shells are distributed throughout the a.sfihalt 
bed, which mea.sures lietween 10 ami 14 ft. thick. On exiiosure to the air, the 
shells fall to pieces in a fine powiler and the a.sphalt hardiuis materially, due to 
the I 0 S.S of volatile matter. An analy.sis by 1.. Malo .shows the material to contain: 
a.sphalt .'18.45 fier cent, calcium carbonate 4.!)(> fier cent, and sand .50 .5i) p(>r cent. 

Department of Gard. Very large deiKisits of nwk a.sfihalt occur in this Depart- 
ment, emliracing m the north the Concessions of St .Jcan-de-Maruejois, and in 
the south including the Conce.s.sions of Servas, Canvas, Siimades and Piiech. Tlu'se 
have long been known and worked for many years. l)<*posit.s of lignite and (oal 
occur in the .same region. The asphalt is associated with limestone, .sandstone and 
shide, and varies in fiercentage Indwren o and 10 per cent An average analysis 
shows it to contain: a.sphalt 10 to 12 |K*r cent, clay ().,5 to OH per cent, calcium 
carlionate 81 80 per eent, magnesium carbonate about 2 per cent, and moisture 
0.5 per cent. 

Department Haute-Savoie. Deimsits of asphalt a.s.sociated with limestone and 
sandstone occur at Mussiegcvs, Frangy, Ixivagny, Bourbonne, and Chavaroche, in 
strata between 1.1 and 10 ft. thick. An analy.sis ot the* rock asphalt mintal at 
Chavaroche shows it to contain: asphalt 20 2 ]h't cent, calcium carbonate 51.6 
per cent, and sand 10.2 ikt eent. This is used for paving purpo.ses. 

Department of Ain. At Bollogardo in the northern part of the Depart- 
ment oeeufs a deposit of a.sphaltie limestone unevenly impregnated with 
asphalt, tiiid tdso associated in part with hetivy petroleum oils. 

The well-known Seyssel de|>osits also occur in this Department at 
Pyrimont, Volant and ('hallonges, consisting of a fine-grained limestone 
impregnated with asphalt. This region is shown in Fig. 41. The deposits 
consist of a series of hillside quarries along the Rhone River. The 
asphaltic impregnation varies from 2 to 8 per cent as a maximum, the 
balance consisting almost exclusively of calcium carbonate. Fossil 
shells are frequently encountered, also crystalline calcite. The deposits 
at Pyrimont are now largely exhausted, after having l)een worked for 



native ASPHALT'S ASSOCIATED WITH MINERAL MATTER 117 


many years. The Volant deposits are still Iwing workctl actively. 
Aecortling to L. Malo the asphalt extracted from the Se>'S8el deposits 


tests as follows: 

Water .... ‘ 19-00% 

Asphalt (FiKsiiiR-point, 87“ F., K. and S. method) 8 00 8 15% 

MnKnesiutn earhonate 0 10*1, 

Caleium earbotiato 89 55 91 30% 

Insoluble in aeid 0 10- 0 45% 

Loss, etc 0.25% 



Fia. 41 . —Map of Seyasel Asphalt Deposit, France. 


Switzerland 

Extensive deposits of asphalt impregnated limestone occur west 
of Neuchatel Lake, in the sivcalled Val dc Travers region. These 
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have been exploited for many years and marketed under the names 
^'Neuchatel Asphalt” and “ Val de Travers Asphalt.” The exact 
location of the region is shown in Fig. 42. The percentage of asphalt 
varies considerably; thus, the “ ordinary ” grade contains about 10.7 
per cent of asphalt, the so-called “ rich ” grade contains 15.3 per cent of 
asphalt, the “extra ” grade 17.5 per cent and the “ powder ” 9.6 per cent. 

The average product contains: asphalt 10.15 per cent (fusing-point 
50® F., K. and S. method), calcium carl)onate 88.4 per cent, iron and alumi- 
ninium oxides 0.25 per cent, magnesium carlK)nate 0.3 per cent, matter 
insoluble in acid 0.45 per cent, and loss 0.45 per cent. The theory has 



Fio. 42.-'Miii) of N(‘uch!itel (Vul-de-Travors) Asphalt UeRioii, Switzerland. 


been advanced that these asphalts have been producc'd by the decom- 
position of marine animal and vegetable matters, which is borne out 
by the associated fossils. 

Smaller deposits occur at Auvernier, IJevaix, and St. Auhm, south of Neuchatel, 
on the western shore of I.rfiko Neuchatel, containing smaller percentages of asphalt 
than the preceding. 


Alsace-Lorraine 

The deposits in this region occur in a welklefineiJ area in the neighborhood 
of Lobaann a short distance north of Strassburg, as shown in Fig. 43. The 
asphalt strata have been traced 6 to 7 miles extending through Sulz u. Wald, 
Peohelbronn and Lampertsloch. They occur as asphalt-impregnated limestone and 
sandstone associated with lignite. Petroleum is also found locally. The asphal- 
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strata average about 80 ft. in thickness and carry many fossils. The region ia 
badly faulted. The bituminous limestone has the following average comiKMition: 


Asphalt (Fuaing-point 77® F., K. and 8 mothod) II 9 -12 32% 

Calcium carbonate 09 0 -71 43% 

Iron and aluminium oxides 43-5 9% 

Sulphur . .■» 0 - .I 0% 

Magnesium carbonate 0 .1% 

Silica 3 l.V- 3 65% 

Loss, etc ..,1 7 3 4% 



Fio. Id — Ma|) of I/>b>ann Asphalt Region, Alsace-Dirraine. 


The asphaltic sandstone at Pcchelbronn occurs in veins 3 to 6 ft. thick, con- 
taining a soft, viscous a.sphalt which, when exlracteti shows a gravity lietween 
0.90 and 0.97 at 77® F. Large quantifies of asphalt have l^een mined in thi* 
region for paving purfioses. 


Germany 

Province of Hanover. At Linimer, a small villafce near Alilem in tho 
plains of Acker, aiwut 18 miles west of Hanover there occurs a deposit 
of asphaltic limestone measuring ItkK) l.y 22.W ft. which has l)cen worked 
for several hundred years. The vein has the general cross-section shown 
in Fig. 44, and is worked by open quurtying.' The rock carries lietwecn 
8 and 20 per cent of asphalt and contains numerous fossil shells. As 
freshly mined it has a brownish to gray-brown color, and the asphalt 

•Wher. > «pn»enl. .Iluvnin.; h. lta«lon.; oUy; i. 

Mted limestone; e, shale; snd /, limestone. 
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irnpregnaiion is very soft in consistency containing a large proportion of 
volatile constituents. The average analysis shows: 


Aiiphalt (FusinK-point 61* F., K and S method) 13 4-14 3% 

Calcium carbonate . 

Iron and alurniiuuni oxides, etc ■ 17.5-19.5% 

0.3- 1.18% 


At Waltersberge, near Limrncr, a very large deposit of asphaltic limestone is 
found, containing 5 to 7 per cent of asphalt. It i.s estimated that aljout 3,000,000 
tons occur in this def)o.sit, hut the material is so |)oor in asphalt that it must be 
enriched by mixing with Limmer or Trinidad asphalt. 



Fiti. 44. — Cros.M-S(M4ion of Lirnmcr As|)halt Deposit, Germany. 


At Holzeu, a small village on the Uivcr 1th, a short di.stance north of Vorwohle, 
occurs a well known, and one of the most productive asphalt dcjwits in Germany. 
The asphalt stratum has been traced for approximately 14, .500 ft. a.id forms a 
succession of layers 05 ft. thick carrying a v.'inahle ^wreentage of fi.s[)halt asso- 
ciate<l with limestone, and 8ef)ar!itetl with clay and shale. 'Phe rock a.sphalt analyzes 
us foHow.s; 


Asphilt (Fu.MitiK-poiat 65-70* F, K ami .S method) 

Caldurn carbonate 

Iron ami nliiminnim oxnieH 

Silica ... 

Lohi^ 


5 4 - 8 .-)% 
80 0 -90 9% 

4 0 - 07o 

‘J 55- 4 77% 
0 15- 2 11% 


A small tleposit ha.s been reported at VVintjelicrg in this same neighborhood, 
but has not l)cen worked to any e.xtont. 

Province of Westphalia. Minor deposits have lioen found near the villages of 
Darfeld, Huldcrn, llangciiau, And Ap|)elhul.scn, lussoci.ated with clay and shale. 

Province of Hessen. At Mcttenheim lietween Worms and Apiienheim, occurs 
a deposit of asphaltic limestone and clay carrying a large quantity of fossil fish 
remains. The rock contains between 74.4 and 82.6 per cent of asphalt of a com- 
paratively high fusing-point. 


Austria 

province of Dalmatia 

Vrgarac. A depo-sit of asphaltic limestone occurs at Vrgorac, having a specific 
gravity at 77® F. of 1.697 containing an average of 26 per cent of asphalt. Analyses 
show the following ingredients: 
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AnaUsiiw 1. j 

Pt r Cent 

AiifU\Hi't2, ' 

1 Per ('ent 

AiimI>«iis 2, 

Per Cent 

Asphalt 

2 94 

7 12 * 

38 92 

Silica ■ • • 

21 70 



Iron and aluminium oxides . 

7 12 

5,H 10 


Iron carbonate. 


1 10 


Calcium carbonate 

.19 Cid 


91 08 

Magnesium carbonate. 


22 


Sodium chloride 


0 97 


Water 

4 10 



Total 

lIM) 00 

99 .S7 

100 (N1 


Tho first analysis roprosenls an nsphahic linjostono containiitK silica, the M'cond 
analysis represents an asphaltic shale, and tho thml an asphaltic hnicstonc (pure). 
Considerable asphalt has \)Ocn derived from this dojxisit for paving puriHiscs. 

Asphaltic shales have lieen reported near the toun of Skrip, on the Island 
of Brazza, situated near the coast of Austria, in the Adriatic S<\a, lontaining between 
Ifi and 40 per cent of very soft asphalt 'I’he layers .are betwei'n 2 ami 4 ft in 
thickness. There also occurs a dejiosit of asphaltic limestone containing id )OUt l.’I 
per cent of asphalt and 87 [ycr cent of calcium carlmnate, having a bniwnish-bhick 
color and containing a sub.stantial proportion of volatile matter 

At Morowitza near Selienico, on the Adriatic Sea, cM-curs a dcfiosit of a.Hphn!»ic 
limestone carrying 10 to Ifi f)er cent of n.sphalt, % jier cent of calcium carlionute, 
and about 4 jier cent of rn;\gnesium carbonate 

At Porto Mandorlo, near the town of 'Frau on the Adriatic Sen, oiriir lieds of 
crystalline limestone of a brownish color <'onbuning 9 2 [ler ernt of asphalt and 
90 8 per cent of calcium carlionatc. Further dcfioMts have Uh'ii l(H'ated in this 

region at Biskupija and Vinjisce * « r n rjnwi t* 

Province of Tyrol. A very iKMuliar asphaltic shale (Mcurs at .S(‘efeld, .lOtX) tt. 
above the sea-level, in IkhIs sevend feet thick with numerous fossil fish remains, 
in lietween layers of dolomite. 'I’hi.s ileposit constitutes one of the mam sources 
of supply of ichthyol, which is recoveriMl u|K>n subjtM tmg the material to a pnarCKS 
of destructive di.stillation in suit.able retort-s The material liest suited for this 
purpose i.s conijiascd of the following' 


Asphalt 

?fi 41'T. 
.'IK 2'J^J, 

C-ileiuin anil .•urbiuial*'*' 

9 U' 

Clay 

19 ii.p; 

.‘iiliea 

r, 95''; 

Iron oxide 

.$ 72% 

Loss and moisture 


Total . 

100 00% 


Province of Bihar 

l>p 08 iu Of »*phaltic «ID<1 occur at Tataro. containing approxinmlcly 1., per 
cent of soft, sticky asphalt with a charadcrctic ,H-netrat,ng mlor It is found in 
strata between 6 Ld 25 ft. thick, 5000 ft. long and 4000 ft. wide. lairge quan- 
tities Deasphalt have been mineil from this de,ss«t, which constitut^ one of tte 
largest sources of supply in Austria. Analysis shows Isitw.sn I.i and 22 per cent 
^It fusing at 83» F. (K. and S. method). The water-extraction procesa ha« 
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been used to separate a semi-liquid asphalt from the sand, leaving a residue con- 
taining 3 per cent of asphalt which could not be separated. The pure, soft asphalt 
thus separated is distilled to recover the heavy oils and then converted into mastic 
by mixing with limestone. 

An asphaltic sand deposit associated with lignite is found a few miles northwest 
of Bodonos containing between 11 and 15 per cent of asphalt. 

A short distance east of I'elso Derna there occurs a l)ed of sand asphalt, very 
similar in character and composition to that found at Tataros, carrying 15 to 
22 per cent of asphalt. The extracted asphalt contains 0.73 per cent of sulphur, 
5.4 per cent of ash, and 1.6 per cent of crystallizable paraffine.* 

Province of Herzegovina 

A deposit of asphaltic limestone occurs at the village of Popovo Polje, having 
a black to grayish-black color, and carrying lietween 16 to 20 per cent of asphalt. 
It contains a large penjentage of volatile matter, which causes the crude material 
to ignite very readily and burn with a luminou.s flame. 

A little south of the village of Mifiljan, and east of the town of Popovo Polje, 
occurs another and larger de[)o.sit of asphaltic limestone 6 to 20 ft. thick. The 
asphaltic impregnation is sticky and semi-liquid, varying lietween 3 and 35 per 
cent. The richer varieties ignite readily and burn with a luminous, smoky flame. 

A deposit of asphaltic limestone about 100 ft. wide and 10 ft. thick occurs 
at Dra6evo, about 2J miles east of the city of Metkovic. 'I'he rock is of a 
brownish black to dull black color, carrying 5.4 per cent of asphalt. It is not rich 
enough to be worked profitably. 

.Italy 

Compartment of Marches 

Province (ff Pesnrn ed Urbtno, Impure, solid asphalt is found at Sant’ Agata 
Feltria as-sociated with sulphur, but is not mined actively. At Tallamello and 
Urbino, deposits of solid and semi-liquid asphalt occur associated with more or 
less sulphur. Tho.se are merely of interest from a geological standpoint. 

Compartment of Abruzzi ed Molise 

Province of Abruzzo Cilmorc Minor occurrences have been reported at Tocco 
di Casauri, Valle San I^onardo, Sant’ Ensemia a Majella, Ceramanico, Salle, Cir- 
condario di Lanziano and Palcna. In the neighlxirhood of S;in Valentino, extensive 
deposits of asphaltic limestone have l>cen worked in strata 2^ to 3 miles long and 
about 100 ft. thick. Quarries have been opened up in the Valley of the Pescara 
River at the villages of Roccaniorice, Abateggio, Manopello, liettomanopello, 
Tocco, and Papoli. Three distinct zones are distinguished. The lower carries 
between 9 and 10 per cent of asphalt, the middle an average of 17 per cent, and 
the upper 9 to 30 per cent. In certain localities the asphalt has a rubbery con- 
sistency, and is deep black in color, and in others it is very soft and semi-liquid. 
The deposits ore rich in fossil shells. Analyses show the following composition: 

Aaphklt 10 62- 5 70% 

Silica 0 06- 0 48% 

Calcium carbonate ... .... .49 70-86 40% 

Macneiium carbonate ... .1 20-32 0% 

Iron and aluminium oxidea. 0 16- 1.18% 

Moiaiure 0.22- 0.98% 

•J. Marouaeon, Chtm. Rep. FeU-Hart-Jnd , 19. 171, 1912. 



NATIVE ASPHALTS ASSOCIATED WITH MINERAL MATTER 123 


Compartment of Calabria 

Province of Basilicata (Potenza). Asphaltic limestone deposits have been reported 
at Tamutola, Ma^ano, Setere and Leviano. 


Compartment of Campania 

Province Terra dt Laxmo (Caserta). One of the larsest asphalt quarries in the 
entire region, which, however, has not been very active in recent years, occurs at 
Colie San Magno. Analyses of the product as mined show it to be i'om|)osed of 
the following: 


Asphalt. .. 

Calcium carbonate 
Calcium sulphate 
Iron and aluminium oxides 
Magnesium carbonate 
8ilica. ■ • • 


7 15% 
73 76% 
1 72% 
3 02% 
14 24% 
0 10 % 


Similar deposits of asphaltic limestone occur at Liri, Frosinone, Monte San 
Giovanni, Banco, Castro dei Volsci and Fillettino. 


Compartment of Sicily. 

Province of Syracuse. The largest and most important Italian asphalt 
deposit occurs at Ragusa, about 13 miles from the southern coast of 
Sicily, on the River Imiinio, in a bed 16 to 64 ft. thick, and 1600 to 2000 
ft. long. It contains variable percentages of asphalt, ranging from 2 
to 30 per cent, associated with a soft lin.estone composed largely of fossil 
shell remains. Two varieties of roc-k asphalt are mined— a brown variety 
relatively poor in asphalt, containing In'twoen 3 and 7 per cent, and a 
black variety carrying an average of 1.5 fK-r cent. It has l.«n worked for 
many yearn, and over 100,000 tons are mined annually for use on the 
continent of Europe, being marketcil in the fonn of a powder espeiaally 
suitable for compresseil asphalt pavements. The material as mined 
requires no further troatment other than grinding. Analyses show the 
following compositions: 

Aflphalt 

Calcium carbonate 
Iron and aluminium oxides 
MagncHitim carbonati' 

Silica 

Moisture and losa # i • 

TV - ^ 

upon exposure to the weather, turning •« a bluish graj. 

r.HFECE 


g Ml 14 05% 
82 15-88 21% 
0 91- 1.90% 
0 90 % 

0 60 0 7»% 
0 40 1 17% 


District of TnplUly Pcioponnes, there occurs » deporit of 

osphirh— we7 suited for the pn-paration of asphalt mastic pav«n«iU. 


analyzing a-s follows: 
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AiphaJt 

Silica — 

Iron and aluminium oxides 
Calcium aulphate 
MaanoNium rurbonatc* 

Calcium carbonate 
Moisture and loss 

> ' Total JOO 00% 

The aaphalt ia rejwrted to have a ronjparatively high fusing-point. 


14.75% 
1.07% 
0.80% 
0 21 % 
0 45% 
82 27% 
0 45% 


Portugal 

Province of Estremadura. At Serra de (’jd)a 9 oa deposits of asphaltic sandstone 
have been reported, and at Monte Real, north of Ix>ira, layers of asphaltic sand- 
stone impregnated with a very soft and viscous asphalt exist. None of these have been 
worked to any great extent. 


Spain 

Province of Santander. In the neighborhood of Puerto del E.^cudo, deposits 
of asphaltic sandstone arc found in beds about 5 ft. thick. No analy.ses are avail- 
able. At Siiunces similar deposits of asfdialtic sandstone have k'cn reported con- 
taining approximately 11 p('r cent of asphalt. 

Province of Alava. At Alauri and other localities in the Pyrenees, asphaltic 
sandstone deposits containing 12 to 20 p<‘r cent of a.sjihalt have been worked 
for a numlwr of years, A mine about 10 miles from Vittoria consists of a cal- 
careous siindstone impregnated with 8 to 9 i)cr cent of asphalt. It shows the 
following average eompo.sition: 


Aophtilt 8 80% 

.Silini . G.S 7.1% 

Iron and ttliimiiuiiin oxid<‘<4. 4 

Calcium and rmmiicsmm cnrbonutoi. 17 25% 

Water ami bw.'j 0 40 Vo 


Province of Navarre. Similar deposits have been rcjiortcd at Bocaicoa, which 
have lM*eti worktal to a limited extent. 

Province of Tarragona, in the Santa (’atalina mountains outcrops of asphaltic 
shale are reported. No data concerning these are available. 

Province of Soria, .\t Santander jind Sierra de Erente.s several deposits of 
asphaltic sandstone have lieen ojicrated, from which fairly large quantities have 
been mined. 


Russia 

Province of Terek 

At Vladikavkaz near the city of Gudermes an asphalt deposit has been known 
to exist for some time, containing betweer 6 and 12 per cent of a very soft asphalt 
associated with earthy matter. 

At Michaelovskaja in the Caucasus Mountains, a rich deposit is found, con- 
taining 86 J per cent of asphalt and the balance mineral matter. The extracted 
asphalt melts at alwut 300° C., and is extremely hard and brittle, having a specific 
gravity of about 1.2. The portion soluble in carbon disulphide contains: carbon 
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75.42 per cent, hydrogen 7.86 per cent, nitrogen 0.06 per cent, sulphur 0 8 per wnt 
and ash 4.35 per cent.^ i ^ h 

Near Semowodsk in this same region, a similar deposit of asphalt is found 
associated with clay, which analyzes similarly to the preceding. 

Province of Simbirsk 

E.\ten8ive derK)sits of asphalt are found at Syzran, along the hanks of the 
Syzranka River, extending to the Sarnarskaya-Luka Mountains. 'I'he product as 
mined has the following compasition: 


Asphalt lU) .'^0^'. 

Calniim' carbonato IK, 

MaKn«'!»iuni rarbonutt' ,>7<| 

Total .. 100 00'; 


In this same region near I he River Volga ihen* is an octairnaife of luiiiid nsplailt 
containing about 20 per tent a.'^phaH ;iH.sociated with sand, covering an area lilt) 
by 320 ft. in a layer about .)2 ft. deep. 


ASIA 

Jap.w 


Ugo Province. An asphalt (l(’|>o''il ha^ been reported near Akita, but no exact 
data arc availalile.^ 


Asiatic Htssia 

Province of Uralsk. At the mouth of the I ral River, where it empties into 
the Cas[)ian Sea, depo.sits of asphalt h.ive Ik'cii found, but no complete data or 
analyses are reported. 

Syuia 


At Mrani, deposits of asfilialtic limes(on<* have lieen rejiortetl ronlaining lietween 
10 and 30 jkt cent of asphalt 

A large dei)Osit is located at Rir-el-Huininar a short distance from llashaya 
(see p 13.')) composed of limestone imi»rrgnat<Hl with an aviT.ige of 10 ))er cent 
of asphalt Petrified fish remains are also preM-iit, indiealing that it is of animal 
origin. It is said to have a comparatively high fusiiig-jHiint. Similar de|>o«its 
have l)een reported at Khaliwet, U-tween HaMha>u and Rawfieya, also at Ain- 
F^ttineh, 70 miles cast of lieiriif.* 

Deposits of a.sphaltie limestone are n'jiorf^Hl on tin- eastern shore of the Dead 
Sea between Kerak and Duadi Kerak, aK) on the west<Tn shore near Masada and 
Ouudi Schhi. A short disbmee from this loealify, on the Ouadi River, piMUliar 
formations oceur, eompose<l of flint pebbles (xinented together with var>'ing per- 
centages of asphalt. This asphaltic conglomerate lies m juxtaposition to a Vem 
of asphaltic limestone 


' "New DepoftUB of A*pti*lt>int.” K nmrilBfhkow. Ztil . SI. Hep IHl, 1907. 

JRychri Kat*yaina. Heilrdu» M\nernlo>j'f ^on Japan. $, .mi, lOl.*!, C/irm Ah* . 10, 1^31, lOtft. 
* "Asphalt Miiua in Hyria,” Rn^»rt« tiom tie- Conanla ot the V. H, 4t. |1.W], 22R, 1803. 
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Asphaltic limestone is also found at Nebi Mousa, on the northwest shore of 
the Dead Sea, containing 25 per cent of asphalt, also a quantity of fossil marine 
remains. It is used by the natives as a fuel and for paving purposes. Similar 
deposits have been reported at Tiberias, Uammun and Jarmuktale. 

Mesopotamia 

At Hit on the Euphrates River, asphaltic limestone is still found, and collected 
in a crude way by the natives, exactly as was the case many centuries before. 
(See page 5.) 


Arabia 

In 1902 an extensive deposit was di.scovered on the Island of Bahrein, in the 
Persian Gulf, which on analysis was found to consist of: 

Aapholt .... 22 77% 

Aah 76 68% 

Moiaturr 0 .19% 

Tout,.. . 100 04% 

The ash consists almost exclusively of calcium-uluininiuin-silicate. The product 
is mixed with limestone imwdcr and used for paving purjioses. 


AFRICA 

Algeria 

Province of Oran. At Constantine, a.sphaltic lime-stone is found in veins 32 ft. 
thick, containing as much as 40 per cent of asphalt. In many places the rock 
is so saturated that the asphalt seeps out and form.s imols having a fusing-point 
of al)Out 140“ F. (K. and S. method), a pcnetmtion of 11 at 77“ F., and con- 
taining 0.9 jier cent of sulphur The limotone is largely crysUdline. 

Nigeria 

Bituminous sands are reported in southern Nigeria a short di.stance from the 
coast. Attempts have been made to purify the a.sphalt by the water-extraction 
process, but so far this has resulted in failure. The extracted material contains 
about 70 per cent of asphalt, 10 per cent of organic sul^stnnces other than asphalt 
and 20 per cent of sand. 

Rhodesia 

Rock asphalt has recently been reported in northern Rhodesia, but is not yet 
thoroughly investigated. 
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ASPHALTITES 

Asphaltites are natural asphalt -like sul)8tano(»8, charactoriwHl by 
their high fusing-points (over 250°- F.). They arc grou|)o<l into three 
classes, namely: gilsonite, ghuiee pitch, and gmhaniite. Since all are 
presumably derived from the metamorphasis of |)ctroleuin, one would 
naturally expect the classes to merge into one another, and such actually 
proves to be the case. 

The author has ado[)ted the following n'eans of differentiating the 
three classes, ore from ai other: 



.Sireak. ' 

.Specific Grnvits 
at 77* V 

|•^|l•^lullt V, 

( l\ A S MetluMli 
D.k !• 

KiiihI Carbon 
Per Crn( 

Ciiliionitr or Uintaite 

Brown 

1 (1^ 1 10 


10 w 

Glance Pit'’h or Manjak * 

Blark 

1 10 1 1.". 

.l.'*0 i 

20 .10 

Grahaniit<'* 

Bltirk < 

1 

1 1.". 1 I’O 

.CtO (MNI 1 

;io 


• hf'u Hubslnitditliy fnc frotit iiiuxral matter 


In all three chussc*h the non-mineral constituents aix* ahiirwt completely 
soluble in carbon disulphide. The physical and chemical characteristics 
will l)e descriljed in greater detail under the rc8i)cctive hca<lings. 


GILSONITE OR TINTAITE 

This asphaltite is found in but one n*gion,' extending from the 
eastern portion of the State of Utah across the l>oundary line into 
the western portion of C’olorado. It occurs in a numl)er of parallel 
vertical veins, varying in width from thin fissures to several feet. 

•••Qitaonite or UinUiU*,” J. M Trana Am Inat Mining SriQ , If. 102, IW7; 

Notes on a Specimen of Cileonito from UinU County, Utah," R. W RaymontI, Trana. 
Am. Init. Mininn Eng, tT. U3, 1888; "Nature of eipUiU-," Dr Henry WurU, Eng and Mtntno 
J , M. 114, 1889; "The Uintaitc (Glboniu) Dcpoaiu of Uub." by (i H. EWrul«p, 17th Annual 
Report U *8. Ge^. Survey. Waah , D C . p 915. 1896; W T Day. J Franklin trni., ICO, 
221 1806; 22d Annual Report of the V 8 Oof4 Survey. Waah., D C . O. 11. Eldridgc, part I, 
pp. 327 and 340, 1901. " Tlic Production of A«r>b<»R^ Related Bitumcna and BituminouJl Rock 
in 1910," by D T. Day, V 8 fUxil Survey. Waah, D C, p 6, 1911, "Modem Aaphalt, 
Pavement," p. 208. 1908; "The Hydrwuufeona of Utah," by Bard»i4). et aJ . 7 Ind Eng. CAm. 
• 973, 1913; f. 86fi, 1914 , "Gilaoniie and Grabarrotc," by Clifford Rirbaidaon, J. truL Ent» 
Qham., 8, 496, 1916. 
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In all the veins the gilsonite is fairly unifonn in composition and 
complies with the following characteristics: 


(Teat 1) Color maM BUok 

(Test 4) Fracture Concboidal 

(Test 5) Lustre . Bright to fairly bright 

(Test 6) Streak Brown 

(Teat 7) Specific gravity at 77“ F 1.05-1,10 

(Test 9o) llardne.'w on Moh’s scale .... 2 

(Test 96) llardnesH, ru'cdlo penetrometer at 77“ F 0 

(Test 9c) IlardneHiH, conawtoineter at 116“ F . 40-60 

ilardnesM, curiHistumeter at 77“ F 90-120 

Hardness, cor»sHtumeter at 22“ F Too bard for teat 

(T«at 9d) Hnsceptilulity factor > 100 

(Test KJfl) Ductility at 77“ F (Author's Method) . . 0 

(Test 13) Odor on heating Characteristic 

(Test I'la) Behavior on melting. . . .... ... Forms a compar- 

atively thick, 
VISCOUS melt. 

(Test 146) Behavior on heaiirig in flame Softens and flows 

(Test l.>rt) Fusiiig-point (K. and H niethwl) 260-350“ F. 

(Test 156) P'usiiig-point (Ball and King rncthoil) 270-370“ F. 

(Test 10) Volalih* at 32.5“ F , 7 hrs (dry sulwtance) Less than 2% 

Volatile at 400“ F . 7 hrs ... Less than 4% 

Volatile at 5(X)® F, ( hr.s . ... Loss than 5% 

(Test 19) Fixed cuihon . , . 10-20% 

(Tost 20) Dislillalio'i test: 

0 150“ C . . . . .... . . 9 34% distillate 

150-200“ C 5 35% distillate 

20CF2.50“ C . 12 84% distillate 

250-300“ 28 99% distillate 

Above 300“ C Coked 

(Test 21n) Soluble 111 carbon disulphide . . .... Greater than 08% 

(Test 216) Non-mineral matter insolulde 0-1% 

(Test 21c) Mineral matter .... Tr -1% 

(Test 22) Carbones ... 0-1% 

(Test 23) Soluble in 88“ naphtha 40-60% 

(Test 24) Grams soluble in 100 grams of cohl solvent: 

Amyl acetate 86 

Arnyl alcohol.. . ..... . Insoluble 

Amyl nitrate. . . .51 

Aniline . . Insoluble 

Bcniol . . . .71 

Carbon diHulplmle Soluble in all pro- 

portions 

Carbon tetrachloride 44 

Chloroform 54 

Ethyl acetate 3 

Ethyl alcohol. . ....... Insoluble 

Ethyl ether. . Soluble in all pro- 

portions 

Naphtha 62® 5 

Nifrobeiiione . . . 9 

Prop.vl alcohol . Insoluble 

Toluol 72 

Turpentine ... ... 60 

(Tost 26) Carbon 88 -89.8 

(Test 27) Hydrogen ... 8 5-10.0 

(Test 28) Sulphur 1 7- 2.0 

(Teat 29) Nitrogen .... 0 8% 

(Test 30) Oxygen 0-2% 
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(Twt 33) Parafflne scale O-Tr % 

(Teet 35) Sulphonation Teeidue 8.'>-95% 

(Teat 37) Saponifiable matter ... Tr 

(Teat 41) Diaeo leactlon No 

(Teat 42) Antbraquinone roartion No 

Gilsonite is assorted and marketed in two varieties, known as “ selects ” 
or “ firsts/' and “ seconds " respectively. The “ firsts are taken 
from tlie centre of the vein and are characterized by a eonchoidal and 
lustrous fracture. The “seconds" occur near the vein walls and are 
characterized by a semi-con choidal and scmi-lusi rous fracture. In 
other respects, however, they are alike. 

Fig. 45 shows the hardneas, tensile strength (multiplied by 10) and ductility 
curves of a mixture of gilsonite and residual oil fluxeil together bo os to have 



Fio. 45.— Chart of Fliysical Clmraeterislirs of Fluxed Clilsonite Mixture. 


a hardness of exactly 25.0 at 77'* F. 'Fhe resulting mixture contained gilsonite, 
47 per cent and residual oil, ,53 per cent llie fusing-point of the gilsonite used 
was 285" F. (K. and S. method), und that of the resulting mixture 142 F. 

Gilsonite is one of the most valuable asphalts for manufacturing paints and 
varnishes (see p. 471). Gilsonite and glance piUh mix readily in nil proportions 
with fatty-acid pikhes, thus differing from grahamitc. Pro<lurt8 involving the uw 
of gilsonite formed the basis of several patents granted to Gilson, afUir whom the 
material was named.’ 

■U. S. MI.TM o( Apr. M. 1887: M7.078 ot M., 8. 1887: 415.884 ol Not. *6. 1888 

to 8. H. Oibon. 
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UNITED STATES 

Utah. 

Uinta County. Practically all gilsonite is mined in the ''Uinta 
Basin,” at the junction of the Green and White Rivers south of Fort 
Duchesne, Utah, from a point 4 to 5 miles within the Colorado bound- 
ary line (Rio Blanco county), extending westward about 60 miles into 
Utah. A large numlxir of veins have been located in this area, and 
extending from a northwesterly to a southeasterly direction, and all of 
them parallel or nearly so. The veins vary in width from a fraction 
of an inch to 18 ft., and some of the longest, such as the Cowboy or 
Bonanza, have l>ecn traced 8 miles. The veins are almost vertical with 
fairly smooth and regular rock walls, and although they are usually 
continuous, they may in certain cases bd interrupted in the direction 
of the fiasurc. Very fre(iuently branch veins join the main one, form- 
ing veiy acute angles. 

Near the outcrop where it has been exposed to the weather, gilsonite 
loses its brilliant lustre, changing to a dull black. Along the vein walls 
it shows a columnar structure, extending at right angles to the wall, which 
is characteristic of all asphaltites. The rock walls are often impregnated 
with gilsonite J to 2 ft., so there is no visible line of demarcation between 
the impregnated and non-impregnated portions. In shale formation the 
impregnated zone is smaller than when the gilsonite is found in a porous 
sandstone. 

The following are the principal veins occurring in this region: 

Duchesne Vein. This oc^curs about 3 miles cast of Fort Duchesne, 
filling a vertical crack in sajidstone and shale. The 
vein has been traced for 3 miles, and is 3 to 4 ft. 
wide for about mile.s, tapering at the ends, until 
it completely disappears. A comparatively large 
quantity of gilsonite has been mined from this vein. 

Culmer Vein. This is also known as the 
'' Pariette Mine,” and occurs in the “ Gastle Peak ” 
mining district. It has been traced 7 miles and 
varies in width from a fraction of an inch to 30 ins., 
averaging al)Out a foot. Several branch veins are 
connected with the main one at very acute angles. 
It also shows a number of transverse faults as 
illustrated in Fig. 46, in which the lateral displace- 
ments vary from 1 to 10 ft. The associated rock 
consists of sandstone and shale. 

Bonanza and Cowboy Veins. These are shown in Fig. 47 and embrace 



p J ^ A ^ rr 

Fig. 46. — Faults in Gil- 
sonite Vein. 
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three veiiiH known as tlu* ( owlx)y Vein, th(‘ East Branch and the West 
branch resjK'ctivc'ly of the Bonanza Vein. The last two are joined together 
near the soutluMn end. 'I'hese veins occur in sandstone aial sliale. The 



Coiirtey of Amoriran Asphalt \ssoriatdon. 

Fig. 48. — View of Cowliov Oilsonite Mine, Utah. 

shale l)eing harder than the sandstone, seems to have offered greater 
resistance to the intrusion of gilsonite, and the veins are not therefore 
as wide when they occur in the latter. The disappearance of the veins 
to the northwest also occurs in shales, and as the eilsonite nafwes from 
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sandstone into shale, it splits up into a ninnl)er of smaller veinlels, wljich 
gradually thin into fine hair-like fissures. 

The Cowl)oy is the largest and attains a maximum width of 18 ft., 
maintaining a width of 8 to 12 ft. for 4 miles, its total leiigdi is 7 
to 8 miles. A typical view of the ( o\vl>oy Mine is .shown in I'ig. *18. 

The Bonanza Veins have l)een followe<l for 7 miles, hut thev are not as 
wide as the Cow-boy. 

A huml)er of smaller veins also occur in this jx'gion, including the 
*‘Rainlx)w,” “Harrison,” “Colorado,” etc., which mv narrower and 
shorter than the foi'cgoing. 

Black Dragon Vein. This occurs southwe.st of l^vacuation Creek, a 
tributary of the AMiite River, near the Colorado line. It has Ikhmi traced 
for 4 n iles, and averages between 2 and 8 ft. wide, the inaxinium Ixang 8 
ft. near the southern end. It is as.^^ociated with siindstone, limcslojc 
and shale. In some places, the rock is impregnated with gilsomte 1 t(» :i 
ft. along side of the vein proper. A branch raihoad runs fiom Dragon, 
Utah, connecting with the Denver & Rio (Irande R. R. at Mack, C'olo- 
rado, from which point most of the gilsonite is shi))ped Kast. 

The methods of mining the gilsonite are very crude, and involve the 
use of a pick and shovel, together with some sort of simple hoisting 
apparatus. Very little if any timlK‘r is recpiiml, as the veins an* lu'arly 
vertical, and the .surrounding rock is linn and self-sujiiorting. The 
gilsonite is shipped in sacks holding about 2(K) lbs. One man can mine 
and sack an avcnige of 2 tons jier day 10 (4 hours. Approximat(‘ly 
20,0(K) tons of gilsonite are mined and shippe<I from this mgion e.ich 
year. It is estimated that 32,00(),0fK) tons of gilsonite are still available 
in the entire region. 


GLAM'E rnX'H 

Glance pitch resembles gilsonite in the external appearance*, with 
the exception of the streak, which is a elccided brown in tie case* of gil- 
sonite, and black in the ciusc of glance pitch. It also differs in having a 
higher specific gravity and proelucing a larger jiere-cntagc of fixe*d carlon. 
It always has a brilliant conchoidal fracture, and a fusing-ioint l)etwc*cn 
250 and 350 ® F. (K. and S. method). In general, glance pitch complies 
with the following characteristi 

(Test 1) Color in mwa 
(Teat 4) Fracture 
(Te«t 5) Luatre 
(Tert 0) Stredc on porcelain 
(Te«l 7) Specific fravity at 77" t 
(Teat 9o) Hardnwe, Moh'§ acalr 


niack 

Conchoidal to hackly 
Bright to fairly bright 
Black 
1 10 1 16 
2 
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(T®ft 96) HardncM, needle penetrometer at 77* P. 0 

(Test 9c) Hardness, consistometer at 77® F 90-120 

(Test 9d) Suiceptihility factor > 100 

(Tost 10) Ductility at 77® F 0 

(Test 13) Odor on heating Asphaltic 

(Test 14a) Behavior on melting Forms a coroparatlvsly 

thick and viscous melt 

(Test 146) Behavior on heating in flame Softens and flows 

(Test Ifla) Fuiing-point (K. and S method) 280-350® F. 

(Test 156) Fusing-point (Rail and Ring method).. ... 270-375® F. 

(Test 10) Volatile at 325“ F , 7 hrs. (dry substance) Less than 2 % 

Volatile at 400® F , 7 hrs Less than 4% 

(Test 19) Fixed carbon 20-30% 

(Test 2la) Soluble in carbon disulphide . . Usually greater than 95% 

(Test 216) Non-mineral nial ter insoluble Less than 1% 

(Test 21c) Mineral matter Usuallv less than 5% 

(Test 22) Carbenes Less than 1.0% 

(Teat 23) Soluble in 88“ naphtha ... 20-.50% 

(Test 2fi) Carbon. ... 80-85% 

(Test 27) Hydrogen 7-12% 

(Test 28) Sulphur ... 2 8% 

(Test 29) Nitrogen and oxygen .A truce to 2% 

(Test 33) Paraffin.- 0-Tr % 

(Test 35) Hulphonation residue . 80-95% 

(Test .37) Saponifiable matter . . Tr 

(Test 41) Diaxo reaetion No 

(Test 42) Anthra.iuinonc rcaetion No 


Glance pitch appears to l>c intermediate l)etween the native asphalts 
and grahaniite. It is proi)al)ly derived from a different character of 
petroleum than jjilsonite, having nevertheless reacht'd a parallel stage 
in its metamorphosis, under approximately the same external conditions. 

Mexico 

Chapapote. As stated previously (p. S(i), depo.sit.9 of very pure asphalt occur 
in this locality, varying from very soft consistency to a hard and brittle a.sphaltite, 
properly classified as “glance pitch.'* They show a lustrous find conchoidal frac- 
ture, a black streak, fuse in the neighborhood of 250® F. (K, and S. method), 
contain over 20 per cent of fixed carlwn, and are more than 99 per cent soluble 
in carbon disulphide. 


West Indies 

Barbados. Glance pitch was first reported in 1750 by Griffith Hughes, and 
since 1896 has been mined almost continuously. Depasits occur in a number of 
localities throughout the island, especially in the Conset district, at Groves, Spring- 
field, St. Margaret, Quinty, and Burnt Hill. This asphaltite has been marketed 
under the name of “nianjak,’’ which was originally applied to the Barbados prod- 
uct, although the name was subsequently associated with a variety of grahamite 
mined in Trinidad (see p. 146). The deposits were first worked on a commercial 
scale by Walter Mcrivale in 1896, who also accurately described the deposit, and 
the properties of the mineral. 

Barbados manjak contains a very small percentage of sulphur (between 0.7 
and 0.9 per cent), and about 1-2 per cent of mineral matter. Its specific gravity 
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At 77* F. is in the neighborhood of 1.10, fusing-point 320-340" F. (K. and 8. 
method), the percentage of fixed carbon a.s reporle<t by difTorcnt olxscrvera vuriee 
between 25 and 30 per cent and its solubility in carl>on disulphide 97-08 per cent. 
Near the surface, the munjnk is hard and brittle with a high fusing-point, but 
at the lower levels of the mines it is found softer, and with a much lower fusing- 
point, partaking of the nature of an asphalt, rather than an asphaltite, and clearly 
proving the metamorphosis of one from the other It also indicates that the 
manjak originated in the lower strata, having l)e<‘n thrust upwanl in the form of 
a dyke (see also Trinidad grahamite, p. I4(i). 

It is used largely for the manufacture of varni.she.s and japans on account of 
its high purity, gloss, and intensr* black color ' 

Santo Domingo (Hayti). A dc|>osit of glance pitch similar to the pnu'edmg 
has Ijeen rojmrtctl near Azua on the Hay of Ocoa. 'Phis ha.s not IxHUi t|evelo|X‘<l 
commercially, nor are analyses available. 


CoL()MBi.\, South America 

Very large deposits of glance pitch (M*cur at C'haparral, in the ProvimT of 'rohma, 
on the Saldafta River, which empties into the Magdalena River 'I'he de|H)sit in aUait 
100 miles southwest of Bogota It is trans|H)rted by Isiats dovMi the Magtlalena River 
to the coast, whence it is exjiorted. AUiut 2(K)0 ton.s an> shipjM'd annually, having a 
high-fusmg ()omt, and over 90 iK’r ciuit soluble in carlMin disulphide.’ It is used largely 
for the manufacture of varnish, and tests jls folloHs: 

(TcMt 4) Fracture 

(Tc'^t T)) I,UNlr<* 

(Teat 0) Streak • • 

(Teat 7) SiKTtfic KruMly at 77" F 
(T»‘flt 8a) llardt)caa, Moh'a acalc 

(Teat 86' HnrdiicHa, (wtiHroiia-tcr 

(Test 146) Heuliti« HI flanx' 

(Test 16) FiMHiK-iK'ifit (K and S inethiKl) 

(Test 19) loxed carlxin 
(Test 21a) Solubility in carbon disulpbide 
(Test 216) Non-niineral matter insoluble 
(Tosi 2lc) Mineral matter 


. . . ConrhoUial 
Hriitbi 
Hlack 
1 12 
2 
0 

Soften* and burnt 
27.'i" F 
29 46% 

99 0 % 

9 7% 

3.3% 


Syria 


Hasbaya. This constitutes one of the most iinixirtant asphaltite dejxisits in the 
region. It is loratetl aliout 40 miles southeast of Beirut, ami west of Mt Hamon. 
It has a bright, black lustre, and a Idack streak. It eonUiins from a traee to about 
5 per cent mineral matter, and fuses at 275" F It shows 27 0 i»er cent fixed 
earbon, and on analysis: carlion, 77 IS per ix-nt; hy<lrogen, 9.07 iht cent; sulphur, 
0.40 per cent; nitrogen, 2.10 <ent: and minend matter, O.W \wt cent. The 
deposit has lieen worked extensively, and a numlier of years ago fairly large quan- 
titles were exporte<l to the Tnited States for the manufacture of varnishes. 

Dead Sea. I’his deixwit is merely of historical inUTcst, as it constituted one 
of the most important sources of supply for the ancients (fi. 5). There appear 


‘Merivale Tron. Fed Fnrt Eng, 14. 6S«. 1896. .Iik, U. 33. 1898. Tran, Am. Inrt, 

Emu*.. ^ -S- •*• 367. 1904. (inm-tt. 

Ind, II. 314. 1912. 

*J. Soe Chem. Ind, U. 278. 1904 
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to be large veiiis of asphalt at the bottom of the Dead Sea, the water of which 
ia saturated with salt (25 per cent in solution) having a gravity of about 1.21. 
The asphalt has a specific gravity at 77® F. of 1.104, and as masses become de- 
tached at the bottom by earthquake shocks or otherwise, they float to the surface, 
where they are gathered up by natives. A section through the Dead Sea showing 
the veins of asphalt is illustrated in Fig. 49. This glance pitch shows a lustrous 



conchoidal fracture, and a black streak. Its fasing-point is 275® F., over 99 per 
cent is soluble in carlwu disulphide, and it yicM.s 20 |)er cent of fixed carbon. 
The supply is limited and the material is u.sed only to a small extent locally.* 


GRAHAMITE 

This asphaltite varies considerably in composition and physical prop- 
erties, some deposits 0 (!curring fairly pure and others are as.sociated 
with considerable mineral matter, running as high as 50 per cent.^ In 
general, however, it complies with the following: 


(Teet 

1) 

Color in masa 

Black 

(Teat 

4) 

Fracture 

Conchoidal to hackly 

(Teat 

8) 

Lustre 

Very bright to dull 

(Teat 

6) 

Streak on porcelain . ... 

Black 

(Teat 

7) 

Specific gravity at 77® F • 




Pure varieties (containing less than 10% mineral 




matter). 

1.15 -1 30 



Impure varieties (containing more than 10% 




mineral matter) 

1.175-1 50 


1/. Roy. 8oc. Atit, M, 829. 1908. 

>*'Qrfth«init 0 , A Solid Native Bitumen." by Clifford Riebardeon, J Chem Sor . Sfi, 1032, 1010; 
**OilaoDittand Orahamite; the Reault of the Metamorphiam of Petroleum under a Particular Environ- 
mant." by Clifford Riohardaon, J, Ind. Bng. Cktm., •, 493, 1916. 
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lT«t 0«) H«TdnM4. Moll's scaIs. ^ 

(Test W» HardiKAs. n«^le p«>iH't«om«u>r at 77* F 0 

(T««t ttr) liardattss. rou»M(onM:>t«>r at 77* F .... Ov«r 150 

(T<»t 9flf) Biwc ptibility factor .... > 1(«> 

(Test 146) Bcbaiiior on bcattnt IQ flamc- 

> artety sbua-ing a conchoitlal fracture and a 

black luiiire DccrepitatM iiolmtly 

Variety ahoniug a hackly fracture and a fairly 

brigbl U) dull luaire Hoftena, splits and burns 

(Test 15a) Fusinf-point iK and S nt«-tbotl) 3A0 000* F 

^Tcal 156) Fusing^point (Hall and King mctluMl) . 370 635* F 

(T«^( 16) Volatde at 500* F, 4 hrs I i-aa than l^’r 

^Tc«t ly) Finif carbon 30 55*^1^ 

(Teat 2)a) Soluble m carbon dixilphide 45 MS)' J 

(Teat 215) Non-mineral matter iiiN.luble in car*M>ti disulphide I.«as than 5''r 

(Tiet 21r) Mineral matter \ariable (up to 50%) 

(Teat 22) t'arlo-nca 0 

(Teat 2.1) Holublc in HH” {letruleuiii naptillia Tr .'lO*^; 

(Teat .iO) <U\gcn in nnn-rnineral natter 0 2'i 

(Teal .13) Paraffine O Tr % 

(Teat .35) Sulpbonilion residur >*«) 95% 

(Teat 37i SaiKinihable matter Tr 

(Teat 41) l)iai<i rcaetiori No, 

(Test 42) Anlbrsquioouc icactiou No. 


In general. Knihuinitc w oliaracUTuotl by tho following feature*: 

(!' High BiMTifie graxity, 

(2i Hlaek ain-ak 
(.3) Migb fu«ting'iH)int . 

(4) High (XTcentage of filed carbon, 

(5) Solubility of non-iiiiucral matter to carbon disuliihidc 


The individual deposits ( f grahainite occur in the following localities: 

Unitkd States 


West Virginia 

fiitrhie County. The original depovit of grahamite was diaroveretl in West 
Virginia * It wa.s fiivt (le‘<rnl>e<l by Prof J I* Ix^kIip in a pn|x*r read liefore the 

American Philosophical Sxicty, March 20, IKfWi. It is found in but a single 

locality in Ritchie ( ounty, aliout '2o miles southeuat of Purkentburg. The grahamite 
fills an almost vertical fihsurc m s i.tl^tone, a mile long, varjang in width from 
2 ins. at tiie ends to 4 and 5 ft. ui iiit> centre. Its depth is asicumed to be 160C 
to 1600 ft 

The mine has been long abandonetl, as the available supply of grahamite is 

exhauster!. Fig. .50 shows a view' of the oiiening in the hillside from which the 

grahamite has liecn removed. Fig. 51 shows the nature and extent of the the 
weykings. Next to the sandstone walls, the grahamite shows a coarsely granular 
structure, with a semi-dull fracture. The following layer is highly columnar in 
structure with a lustrous fracture. Finally in the centre of the vein, the grahamite 

‘J P. I.CJIC, Pro€ Am Phtl. 8oc., i. 1WJ3. Prof. Hoary WurU, Proe Amer 8oe for th$ Adt. 
of Snencf. li, 124, 186®, *' I’iDtaitc, All>crtilc, Crabaaiiu, and A»pha]tum Dcocribcd and Comparod, 
with Obocfvationn on BJtumm and it* Compound*,” by W P Blak«. Tran$. Am Jnit Mtti\n§ En$., 
U, 563-82, 188®. W. M Fontaine, Am J. Cc\., I. October 14. 1871, Second SeriM; I C. White, 
BnU. Gfhtutl 8oc. Am., IS. 277. im. 
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is more compact and massive, with the columnar structure less developed and a 
semi-dull fracture. This variation in structure, fracture and lustre is characteristic 
of grahamite deposits. 



Fk 3. 50. — View of (Iruhainite Vein, Ritchie County, West Virginia. 


On analysis it tests as follows: 


Black 

1 lS-1 185 

2 

Softens, burns and splits 
620 540" V 
42 15 and 42.48% 

(Teat 21a) Soluble in carbon dinulphulo. 


Non-mineral matter ... 97 61% 

Combined mineral matter 0.44% 

(Teat 216) Non-mineral matter insoluble 0 17% 

(Taat 21e) Fre« mineral matter 1.71% 


6) Streak on porcelain . 

(Teat 7) Specific graMty at 77® F 
(Test 9a) Hardness on Mob's scale 
(Test 146) Behavior on heafing in flame 
(Test 16o) Fusing-point (K and S. method) 
(Test 19) Fixed carbon 


Total. 


99.93% 
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(Tert 22) 

loaoluble IB earboo letrarhlurule 

55 0% 

(Teat 23) 

Soluble ID 88* naphtha 

3 0% 

(Teat 25) 

Hydroaeopic moiature 

0 07*% 

(Teat 26) 

Carbon 

S6 56% 

(Teat 27) 

Hydroiteo 

8 6H% 

(Teat 28) 

Sulphur 

1 79% 


Difference 

2 97% 





.Fisfurt abo^ Fault 

rffjr f 


J 6 ‘m 


cm 


Jriv/de ' 

Fissunt belav F<x/F 


wm 

Plan 


Flii 61 StTtioii.s lliruUKli (Iraliaiuih* Mum-, Hilrhio ( '•>unly. W Vii. 


Texas 

FaytUe and Webb Countien ItK hHnljMMi ' ref>or(« a dc|K)Hit of urahaniitfl in 
Fayette County in the r.eif 2 hl>orli(HKl of l4:u(ranK<‘> alM» an ixa’iirnuire in ^V^*l)h 
County, ne ir l^irc lcj. in the soutliern |H>rtion of the State '1 hew test an foiluwH: 


(T«-«t 19) Fu»*d carNir. 
(Twt 21f> Mineral matur 
(Tphc 25) Moiatur*.* 

(TmI 26) Cart>on 
(Te<»t 27) HyUroften 
(Teat 28) Sulphur 
(Teat 29) Nitrtnien 

t’nileo rmuiisl 


Fa)eite ('uiiitiy 
Crahaniite 
r. r (Viit 


;J7 7 

4 2 

0 3 
76 2 

6 G 

7 4 
0 4 

r, 2 


Webb County 
< irahatnite 
I‘< r (Viit 

52 8 
2 9 

0 3 
78 6 

7 5 
ft 4 

1 2 
5 t 


J. Am Chtm Soc tt, 1032. 1910 
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OklthomA^ 

Pmhmataha County. Two small occurrences are reported in the Potato Hills 
about 5 miles north of Tuskahoma. One is in SE J, Sec. 1, T 2 N, R 19 E, 
and the other in NE i, Sec. 2, T 2 N, R 19 E. Neither of these is of importance. 

Jackfork Creek Deposit. The largest known grahamite vein in the 
world occurs in Jackfork Valley, 12 miles west of Tuskahoma in the 
SE J, NP] Sec 9, T 2 N, R 18 E. It is about 1 mile long, and varies 
in thickness from 19 to a maximum of 25 feet. At the surface the vein 
dips an an angle of 37®, and after continuing downward for 140 feet, 
turns suddenly at an angle Ixjtween 45 and 50®. It is illustrated in 
Fig. 52. The grahamite fills a fault in shaly sandstone. The upper wall 



Fia. 62. — Vertical Section through Grahamite Mine Near Tuskahoma, Okla. 


of the vein is firm and requires no timl)ering. In mining the material, 
cave-ins are prevented by allowing pillars of grahamite to remain in place 
to support the upper “ hanging” rock wall. When the author visited the 
mine in 1912, a track was laid along the bottom wall, and the grahamite 
hoisted out in skips on a cable-way. There is evidence of large pieces 
of rock having become detached from the hanging wall and fallen into the 
deposit of grahamite l)cfore it became solid. 

As is common with most grahamite deposits, several distinct types 
of material are found in the vein. The grahamite which occurs along the 
rock walls for a thickness of 2 to 6 ft. shows a hackly (known as a ” pencil- 

i"Or«h»mit6 Depoflita of SouthoMtern Oklahoma," by J. A. Taff, Contrihutiona to Economic 
Otology; Bull. 380, U. 8. Geol. Survey, p. 280, 1908; "Asphalt and Petroleum in Oklahoma," by 
L. L Hutohiaon, Bull. 2, Okla. Geol. Survey, Guthrie, 1911. 
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lated ”) fracture, and a semiHlull to dull lustre, whereas the grahamite 
taken from the centre of the vein show's a conchoidal fracture and very 
bright lustre similar to gilsonite. This is prol>ably due to the fact that 
the grahainite in contat*t with the wall cooIchI more rapidly than the central 
portion, and very likely has also l)een subjwtetl to more or less strain 
from movements of the surrounding nx'k. Marty thousand tons of gra- 
hamite have l^n mined from this vein which is now pretty nearly 
exhausted (from (iOOO to 7000 carlorMls during the first four years, of its 
o|X‘ration, and at the time of the author’s visit al>out 50 tons per day) 
The cost of a moving to the surfact* is t*omi>aratively small (80c. to $1.00 
per ton), but the material has to U* cartel 10 miU’s to Tuskahqma, the 
nearest sliipping iK)int ((‘osting alK)Ut $2.50 |X‘r ton). 


On analyaia it tmiii aa foilnwa 
(Tint 1) (\)lnr in inaiM 
(Tint 4) Kr»ctun- ta) 

Friwiurr (fc) 

(T«rt 5) I.udtri* (a) 

I.iimrf (h) 

(Teat 0) Str«>»k ('i mikI 6) 

fTmt 7) S|M«nhc uraxily At 77^ K (<i »n«J h) 

(Tint fta) ilHnlnma, Muli'a ufal*' 

(Tent 146) Bi'haxior <in hmium in ftAiii#* (n) 

Iti'liAMor on hputiiiK in flnini' <6) 

(Tmt l.'Wi) ■•‘<1 S imtlioiil (i kimI 6) 

Norr Their i# no npimfiahle dilTerenw in funinic- point 
(Tent 16) Volatile maffif .’’>00°, I hm 
(Teat 19) rarlKin {a and 6) 

(Tent 'Jin) .‘<ol*i))ilit V 111 I'artmn dnoilphid*' 

(Teni JI6) Nnii-mim rtil inaMer inaoluhh- 
(Tent Jl<) Fri*i> niiinrul rnnlter (n and 6) 


ntaek 

('onehoidal 

liaekiv 

CriKhl 

Si-ini-liriKht to dull 
Hlark 

1 IH 1 19^ 

2 

IntiiniiHM'ea violently 
Soltena. aplita and burna 
5:«) 604" F 

luMween the two varleUet (o and 6) 
I.eaa than 
:,2 76 .V) (N)% 

(Jnatef than 99 6 % 

I eiw than 0 6% 

() '21 0 70% 



Fio. 53.--Cbart of Physical CbaracterisUcs of Fluwd Oklahoma Crahamito Mixture, 
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Fig. 53 shows the hardness, tensile strength (multiplied by 10) and ductility 
curves of a mixture of the grahamite and residual oil, fluxed together so as to 
have a hardness of exactly 25.0 at 77° F. The mixture contains: grahamite, 60 
per cent; and residual oil, 40 per cent. The resulting fusing-point (K. and S. 
method) was 277° F. The same residual oil was u.sed in this test as for the 
gilsonite in Fig. 54, and the fusing-point of the grahamite used was 650° F. 
(K. and 8. method.).* 

Irnpson Valley I)ci)o.sit. This occurs on a branch of the Tenmile Creek on 
the SW 1 Sec. 21 and NW J, Sec. 28, T 1 S., R 14 al)out 16 miles northwest 
of Antlers. It is known under various names such as .Jumf)o Mine, Choctaw Mine, 
or Old Slope Mine. I'his is the second largest deposit in the State of Oklahoma. 

It occurs in a zone of faulting and fracture in shale rock, and the vein is len- 
ticular in form, occurring as a series of pockets of the general form, illustrated in 
Fig. 21, varying in thickness from a fraction of an inch to 30 ft. as a maximum. 
As the dip of the vein is very steep, the miterial must l)c hoisted out in 
buckets with a windlass, and then hauleil 15 miles to Moyer, the nearest shipping 
‘Wint, at a cost of almut $3.00 f>er ton. He ivy timbering is necessary on account 
of the character of the enclosing rock. The gr.ih unite shows the same variation 
in fracture and lustre as the Jackford Crcv'k deposit. On analysis it tests as follows: 


Color in fructnro, histro, Bpccifu- gravity, hanlncss anti behavior on heating in flame, aamc 
as the prccediMK: 


(Test 15) Fusing-point (K and S inethtKl) . 

(Teat 10) V«ilatil»’ miUt<‘r, .'>1)0° F , 1 hrs 

(Test 19) Fixed carbon 

(Tost 21a) Solubility in carbon di‘«ulplude 

(Test 216) Non-mificral mutter insoluble 

(Tost 21c) Free rninend matter 

(Tesv 22) t'nrbenes 

(Test 2.‘l) Solultilily in HH° rinphtha 

(Test 25) Moisture at 100° C 

(Test 20) (’nrl»on 

(Test 27) Hydrogen 

(Test 28) Siiiplmr 

Undetermined 

(Test 3.3) Saturated hydrocarbons 


400-520° F. 
Less than 1% 
48 5 .53 0% 
90 5 -90 2% 
0 0 - 0 0 % 
11 - 07 % 
68 % 

0 2 0 7% 

0 0 - 0 7% 
83 90% 

7 14% 

1 04 2 24% 
6 72% 

0 32% 


Atoka Count!/. Mcdee (Veek Deposits. Two .siinll veins, one 4 in. and another 
about 1 ft. in thickne.'^s, occur in the SW ], Sec. 23, T 1 \, R 14 F, about 15 
miles northwest of Antl(‘rs. These con.stilute the .so-called “William’s Mine.” 
Shafts have been sunk from 1.) to 20 feet, hut not sufficient grahamite has been 
found to warrant continuing operations. It tests as follows; 


(Test 19) Fixed enrboii 43 .5 4.') 7% 

(Test 21a) Soluble in carbon ilisulphide 9.5 7 99 7% 

(Test 216) Non-mineral matter insoluble ... 0 0 4 0% 

(Test 21c) Free mineral matter .0 3%, 

(Test 23) Solubh* in 88° naphtha . 4 .5 0 8% 


A larger depasit also occurs in the vicinity of McGee Creek, in the NE }, 
Sec. 25, T 1 8, U 13 K, and NW i, Sec. :I0, T 1 8, R 14 K, nl>out 12 miles 

• Further data on the fusing-points and hardnesa at various temperatures of mixtures of the 
grahamite with a Mexican residuum will he found in J. Ind. Eng. Chrm , T. 20 >. 191.5, "Vari- 
ations of the Physical Characteristics of a Petroleum Residuum with Increasing P*rcoi.tages o( 
grahamite," by H. Rpsabficher. 
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southetutt of Stjringtown. Iliw m known a« the I^^ln^oy or Moulton Minr. llie 
Krahainite fills a fissure, caused by faultiiin. and is rcjioiiwl to la* H to lA ft. 
thick at the surfai'c, ta|H‘ring to aU>ut 4 ft. at a deptii of 110 ft. The mine is 
now al>andone<l, but wht*n opemtetl some years ago, aliout 2000 tons were iniiKHl 
annually, lieing hauie<l 1.5 milw to Stnngtown, the nearest shipping |xmit. A 
prospivt t>c<*urs alsjut I mile south of the fort'gmng, consisting of a vein ulKiiit 2 
ft. thick. On aiiuiysi.s it tiwts as follows: 


l.'xi) KuHiiiK-fxKnt (K iiimI S inttlKNl) 47.‘i‘' K 

191 Kix*Nt rnrlHin .‘IS 41 0% 

tTt'V .Ml .‘viluKilil V iti r»r1><in (iixulpitulc H.'l 7 U.’i (Ki, 

^tfcl N(»n-rum» ml nmlU'r m^nlublo 4 H 0 2 % 

(T***i Jlrl Kn‘»‘ iiiin<r.tl rii:iMcr 0 9S 7 1% 


lloggy Crei'k l)<‘i>osit 'I'liis (M'curs hImmiI t'» miles nortlieast of Atoka, anil I 
mile from tla* M. K A T It It in the SW J. .'N‘e 2tt, 'I' 1 S, H 12 M The 
vein oeeiirs m sliale v.irvmg m tlueknt*s.s from wvend inches to M*verul feet It 
has long Imhmi almixioiKHi, and no analyses art' available. 

('hickasHW ('n'ek DejsiMt An untlevelo|s*d vein in shale, carrying strt'aks t»f 
grahainite, alsnit 0 ft thick has Iss'ii rc|M»rtisl in S'c. 1.5, 'I' 1 S, H 12 K alHiut 
21 mill's of ,*stringtov\n on the M K. A T. Itailroad 

('iniiiti/ riiis iM'cnrs in the NW J. .Sec (1. 'I' 2 S, It I \V, aUait 

0 miles north of I/k'o, and IH miles ea.st of ( uinanehe 'Hns vein has Us'ti pn>s- 

lieetiHl for alsmt half a mile, and (w'eurs as a fault m samtstonc' and shale The 

vein is of a pronouneed lenticular t>|H' e\i.sting in a wnes of |>o<'kets, some as 

largo as 10 ft across, often eonneetetl with a thin veindike eraek less than an 
inch vMile .Vt.M'vend jKiints the dejsisit pinches out entin'Iy. In the direction 
of the vein, the |>oekets measuri' 2.5 to l()0 ft horixontallv and vertically. A ehnr- 
actenstie feature of this <le|K>sit is the infiltration of pyrites, grams of ^hieh are 
clearly VNihli' to the naked eye 'Hie surrounding shale is isirous, and enrnes 
inimite partieli's of tli<’ grahamite, which are diHseimnaU'd throughout the rock 
for .“ome dhljinee on lH»tli -xfi's of the \ein.‘ 

The material tests as follows: 


41 Kmctiirr* lUrkly 

(Ti'iit .’’0 l.u-ttp' 

IT«m 11) Sir.'jk HUrk 

(T**«t l.'iil FuHiti«-|i<iint (K »n<l ne-tlioil) 401 4lWl® K. 

(T«'nt 1ft) rnrbon >14 4 W 4% 

(Tnil 'Jla) S<iliilil«' III rfirlnin rlisulptiKt*' 14/) W7 70% 

(Tfsi 21t») N»»n-min«'rHl nuiMi-r ii»m.lul«l*' 0 10 :i 00% 

(Ten 21* ) Fm* nnni-ral mati. r (iiiohIIv p>rioa) 2 20 14 .’)/i% 


Colorado 

drnnd County. Deixwits of grahamite are found in Middle Park along the 
continental divide in the northern part of (Inind ('ounty. A large vein wcurs 
in See. 24, T 4 N, H 77 W, on a fork of Willow ('reek alsiut 2.5 miles north of 
(Jnind River, in a region of clay, conglomerate and sandstone. Several veiiw and 
fissures have lieen prospected, the main vein varying in width from 2 ins. up to 
6 ft., and extending 100 to 12.5 ft. ( omiiaratively small (juantitifH cif the gra- 


• W. R. Crsnc, Mine$ and Mintralt, Jan , 190^. 
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hamite have l^een mined, due to difficulties in transportation to the nearest rail- 
road. The product tests: 


(Test 7) 

Specific gravity at 77“ F 

1.15- 1 16 

(Test 19) 

Fued carbon 

47 4 49 3% 

(Tent 2 la) 

Soluble in carbon disiilphnte 

98.2 -99 3% 

( Test 216) 

Non-mineral matter insoluble 

0.6 - 1.7% 

(Teat 21r) 

Free mineral matter 

0 0 - 0.1% 

(Teat 22) 

Carlxmes 

.80 «;%, 

(Teat 2.3) 

Solubility in 88“ naphtha . 

08-13% 

(Teat 26) 

Carbon ... 

85 9 86 1% 

(Test 27) 

Hydrog<-n ... 

7 0.3- 7 75% 

(Test 28) 

Sulphur 

0.9.3- 0 99% 


Undetermined 

6.34- 5.46% 


Mexico 

Province of Vera Cruz. A vein of urnharnife has hern found at Hua.'^tora 
on the Panuco River ‘ in a vertical fissure, oc<‘urring in shales with an overflow 
at the junction of the shale stratum with the ovcrlyinj? sand.stone. On analysis the 
material tests as follows: 


(Test 7) Spcrific gravity, at 77“ F 1 I4.’'» 

(Tf'at Ml) Fixiil parboil .'i5 3''|, 

iTcst 21(i) Solulilc in parboil diHiilphidi* 9.3 

(Tc-Ht 20)) Noii-minpral matter in«ol\ib|p .3 4% 

(Teat 2lr) Froo riurKrnI mntt«*r 2 S‘7 

(Test 23) .Molubilitv m naphtha 8 4% 


Province of Tamaulipas. Another deposit has l>een reported near the City of 
Victoria, containing .'l.t jkt cent of non-mineral matter insoluble in carlK)n disul- 
phide and 54 per cent of fixed carlnm 


(’UBA^ 

Province Pinar del Rio. In the District of Marie!, near the City of Bahia 
Honda, there occurs a fairly large vein of grahamite, known as the "J^i America 
Mine,” or the ‘“Hodas (’onception Mine,” te.sting as follows: 


(Tost 4) Fractviro Shows ilistinot 

rlf‘a\ngo \rin« 

(Tost .'») Lustro . . Somwtiill 

(Tost 7) Spooifio Krn\ilv, at 77“ F . .1 l.')7 

(Tost 19) Fixod oarboti . . 40 0 42 2*^,'. 

(Tost 2Io) Soliiblo in rarboii disulphidi* ... .... 99 4 119 f\% 

(Tost 216) Non-niinoral niattor inaotuble ,00-0 IVc 

(Tost 21r) Froe minoral niattor ..0 4 0 6’;, 

(Tost 32) Carbenos. About 25% 

(Test 23) Solubility in 88“ naphtha 17 4-20 0% 


Another deposit occurs near the City of Mariel, 1 mile south of Mariel Bay, 
known as the “Magilalena Mine,” which extends about 100 ft. in length and 40 ft, 
in width. Large quantities of asphalt have been mined from this deport, which 
^ Am J. Set . II, 277. 1876 

* "Bitunion in Cuba,” by T. Wayland Vaughan, En^. Mtmng J , Tl, 344, 1902; “,4n Examination 
of Some Bituminous Minerals,” by F. C. Garrett, J. Soc Chfm. Ind , tl, 314, 1912, al.-o '* T^o 
pitum^n* of Cuba," by Clifford Richardson. 
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is rharact<*riie<i l>y the prenenoe of aliout 40 per wnt of associated mineral matter. 
It tests: 


4) Fractim* 

5) I.uttiif 

(TfHt a) Strvak on pi>rcclain 
(IVdt 7) Krn\it>, at 77'' F 

(Tfxt 19) Fimil rarl>on 
(Tt'Ht 2la) Solultit* 111 carlxui 
(Ti'iil 216) Non-iniiH'ral niatlir 
(Teiil 21f) Fr«M' iiiiihthI matiir 
(Ti*!*! 22) (‘arlK'iioi* 

(Trst '2.')) S<iliihilit> in HS® naphUiit 
(T«“wt 2»>) ('arlioii 
(T«‘Ht 27) tlMiroKori 
(Ti HI 2H) Sulphur 

DitTi roiiOf 


('oiiohoidat 

Dull 

mark 

I 41 I 46 

:u) 0 as 0^; 

.'>S' [ 

a „ 

as 41*; 

I 0 a ‘ ’I 

.17 4s'; 

72 77 S‘ ;, 

s . s 7',' 

II 9 7 7^: 

Do 11 4‘; 


Another vein occurs in this same localit\. prol>ah)> a <‘ontinuatioi) of tlie pre- 
cisling, known as the “Merc(Mle.s Mine,” ti^stiiiK Minilatiy 

Province of Havana. In the nc)j*hlsirhiKul of ('ain|H» Monil;i, uralianiite has 
1)0011 ohtained from a mine known as "Iji Mahana.” which tents 


t'l'oHt 4) Frartuf 
(Tout .'ll I u«lr«‘ 

(IVst 0) Sirnik on iiorrolam 
(Tmt 7) SpiTihr prinitx iit 77’' F 
(Tc'Ht 19) Fixifl rttrhoii 
(Tr'l 21u' Soluhlr in larboli <l!~ulpl>'<l' 
fTiiO 216) Non-fimi'Tal ninior in»(>liil>h 
(Ti-It 21r) Frrr miiKTal niattrr 
(Tent 23) Soluhililv in SS“ naplillia 
(T<-nt 29) Cnrhiiti 
(Tint 27) Ihilroum 
(Trat 2H) Sulphur 

I’lHlctrrniined 

A similar deposit hjvs l)een reisirteil ai>ouf 12 miles east of Havana and another 
one, know n as the '‘C asitahdad Mine,” situated al)out 9 10 miles east of Havana, 
and 2 miles south of the coast, in a vein 000-900 ft long and 1-30 ft. tluek 
te.stinK substantially the same as the preicsling 

Province of Santa Clara, Nine miles northeast of the City of Santa (3nra 
near Lonia Cruz, there occurs the de|) 0 »it known os “SanU Kloisa,” in a l)ed of 
.serpentine. It tests as follows: 

(Test 4 ) Fracture 
(Tost 5) I.UBtro 
(Teat 6) Streak 

(Teat 7) Specific gravity at 77® F 
(Teat 19) Fixed carbon 
(Teat 21a) Soluble in carbon dmulplnde 
(Teat 216) Non-mineral matter inaolubk 
(Teat 21c) Free mineral matier 
(Teat 22) Carbeues 
(Teat 23) Solubility in H8® naphtha 31 -33% 

Another mine ocrurs a short distance from Placed as tlel Stir, in an irregular 
vein of lenticular form, occurring in tpcveral branches. I'his mine is known as the 


Semi'concboidal 
Hricht 
black 
1 29 
34 3.S% 

7H-79% 

1 K 2 2% 

10 - 20eJ. 


S* nn-'<‘<)ttehoidal 
Dull 
nimk 
1 17.') 

4.^ t)' , 

9K 9' , 
n 7': 
n 4';, 
ti ()'■; 
h2 
7 

0 4 ^ ;, 

3 t)v; 
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“Esperanza,* and the produ(!t is characterized by its comparatively low fusings 
point. The average material a.s mined tests as follows; 


(Tent 4) Fracture Hackly 

(Tcit fi) Luatre Moderately bright 

(Teat fl) Biroak .... Black 

(Teat 7) Specific gravity, at T?® F 1 22 

(Teat 9a) Hardneaa, Moh'a acalc 2 

(Teat 146) In flanic Boftena, aplita and bums 

(Teat 15a) Fuaing-polnt (K and .S tnethocl) 400-433* F. 

(Teat 19) Fixed carbon 5 - 95% 

(Teat 21a) Soluble in carbon diaulphide 97 9-98 8% 

(Teat 216) Non>mineral matter inaoluble 0 06- 0 92% 

(Teat 21e) Free niinerbi matter. 1 15- 2 75% 

(Teat 366) Mineral matter combined with non>miDeral con- 

atituenta 0.37% 


Trinidad 

Two deposits of grahamite* occur near Sun Fernando on the west coast of the 
island on the shore of the Gulf of Faria, known tus the Vi.stabella and Marbella 
Mines. The graharnite has been marketed under the name of “manjak,” pre- 
sumably taking advantage of the popularity of the Barbados glance pitch, although 
from a geological standpoint the two minerals arc entirely different The veins 
occur in soft shale and sandstone, in a region carrying petroleum in considerable 
quantities. 

A numl)er of veins of graharnite have been uncovered, the largest known as 
the Vistaliella mine, which measures .‘IbO ft. horizontally and has licen mined to 
a depth of about 250 ft. Its thickness is 11 ft. at the outcrop, and increases 
steadily to 33 ft. at a depth of 200 ft. Three <listinct tyjK‘s have l)een found in the 
vein, viz.: 

(1) An amorphous coaly type which hius a hackly fracture, and u.sually occurs 
at the margin of the vein. It is dull in lustre and e.xhibit.s no regular jointings. 

(2) A columnar tyjie, of tlull lustre*, having a columnar jointing running at 
right angles to the margins of the vein. The jointing is often very well formed, 
dividing the materud into he.vagonal or pentagonal prisms. 

(3) A lustrous variety identical in a|)pearance to gilsonite and Barbados glance 
pitch (manjak). I’his has a bright lustre, and a conchoidal fracture, being found 
in the deeper W’orkings of the mine, in the centre of the vein 

There i.s no chemical dilTerence in the varieties, although it appears that at 
the centre of the vein at a defith of about 120 ft. the graharnite has a lower 
fusing-iwint, closely resembling the Barbados glance pitch, thus serving as a link 
between the graharnite and the glance pitch, clearly proving that both are derived 
by metamorphosis from a common source, 

A stratum of oil-liearing sandstone is know'n to exist beneath the graharnite 


>"Th« San Fernnndo Manjak Field,’' Council Paper No. 3, 1906, Council Paper No 35, 1906, 
Council Paper No. 130, 1906, by the Government GeuloKiat, Port-of -Spain, Trinidad, "Manjak as 
Worked at the Vistabella Mine, Trinidad," by J. C T Haspasa, Trani> InKt Min\ng Eng , Newcaatle- 
upon-Tyne, Sept. 7, 1908; "An Kxamination of Some Hituminoim Minerals," by F C Garrett. J Sor. 
Chtm. 7nd ,11, 314, 1012. 
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which appears more thiui likely to have Iteeii <len%'ed from an asphaltic petroleum 
which intruded under pressure throujth a fault in the shale. 

The mining of the gndianute is (‘omfiarutjveiy simple, hut the shafts have to 
be carefully timl>ere<l, and precaution.'^ have to l»e taken to avoid igniting the 
gases genemted in the working'*, a-** tlM"'e are highly e.\plo8ivo. It is rcfKirted that 
lietweeii 2000 and 2.‘)00 tons are niinetl |kt annum. 

On analysis it t(*sts n.s follows: 


(T. >.1 

1) 

(Nilnr lit iiiiuut 



Black 

(Ttol 

2) 




3 ciiatinrt lype* recog- 






uuahir (wfc ahi>\r) 

(Trst 

4 ) 

1 ra< lurt* 



Tyirt’w 1 aiiti 2. hackly; 






T> pt' .'1 ntiiclrtiitlal 

( I t 8t 

5) 

I.UMtrt' 



T>)tcit 1 amt 2 dull; 






T\pc .3 lirifhl 

(Tfrtt 

•1) 

.*>irfak 



lUa.k 

rr'’'t 

7) 

.SjM'oifit' KraMt\, al 77" 1 



1 170 1 175 

(’I't'itt 

an) 

llnnlrirtwp, Moh'" •« ‘ili 



2 

(T* m 

96) 

llariliifrta, jM'iit-f roiiti i' r 



0 

rffH! 

146) 

( III 111 aliiiK III ftatiii 



Siifittiw, npliln and hiiriiii 

('rt’iti 

r>tj) 

1- ii.*iMK-|rttiitt ( K mill .** till 

Ihoil' 


.l.Vl 4.tH" F 

'74 '1 

riif 1 

lu.nirril ri'tw nihliiiR ultuK 

ptit It 

o|>tatiii<i Irttiii 

the ttiiiri' id Oil* vein 

lf \ rl 

fuitt i 

i| ai 2S0^ r *K ami ix. 

iIxh]' 



(Tfst 

l.V.) 

^ U'<iiui-|”"nt (H aiitl l{ in*' 

iIkhI) 


.370 400* K 

(Tf-t 

19. 

Kix'vl tarlrtui 



.11 5 .15 0% 

(Teat 

20) 

DiNtillatiuri tftt 






19 low r><)" r 


0 5'^ 




l.V) {(X)‘ <' 


2*. %'V 




AhoM' .-ion" (’ 


IH 0"; 




('iirlrtiiiartt oun n pitluf 


5.'. tvi 




Total 


KMI 0% 


(Tent 

21fl) 

Bolubihty iii rnrlxui •litmlpliKit 


91 7 Oft 0% 

(TfHt 

216) 

Non-niituTal mator 

If 


0 9 1 2% 

(Tfwt 

21r) 

Frof luifrtTal itiaMtr 



4 0 9 4';, averaging 





nitout 5 T* ’t 


(Trsl 2 ' 2 ) 

(Tt«l 2J) .Solubility 111 SH” napMhn 
At ino-ft If^il 
At HO-fi 1 .-m 1 
At 2<XVfl b-wl 

At 200-tt U’mI, »«ft«*r niatmal lu rcatri* 

(Ti'iit 2.^) Moidtiirp 
(Tent 2ft) f'arlMin 

(Test 27) Hvilrogcn • • • 

(T«*«l 2«) Sulphur 
(Tent 29) Nitroic«» 

(Tcft 366) Minrral matUT rombiiird with Don*inin«‘ral 
utiturnta 


aimmm 4i»r;j. 


12 S'*:, 

I."* 2 % 
iH r,7, 

56 n% 

0 2 10% 
K4 0% 

5 7% 

3 0 .3 8% 

2 2 % 

I 15% 


R* 54 shows the hardness, tensile stren(?th (multiplied hy 10) and ductility 
eurves’ of a mixture of the grahamite fusing at 400’ F. (K. and H. method), 
and residual oil (the same as utilised in mixture shown in Fig. Kl). Ilu^ 
together in such proportions that the haplness at 77* K. la cxacUy 25.0. The 
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resulting mixture contained grahamite, 32 per cent and residual oil; 68 per cent, 
and had a fusing-point of 200® F. (K. and S. method). 

The Marbella vein is smaller than the Vistaljella, attaining a thickness of 7 ft. hear 
its centre. It is lenticular in form and splits up into two smaller vein.s at one 
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Fio. 54. — Chart of Physical Characteristics of Fluxed 'Frinidad Grahamite Mixture, 


end. The grahamite mined from the Marl)<‘lla vien has siih.stantially the same 
characteristics as the preceding. At the 50-f()ot level H.8 iK‘r cent is .sohihh* in 
88® naphtha (Test 23) at tlie 125-ft. level, 9,6 |)cr cent, and at the 20()-ft. level 
12 per cent. 


CFIAPTEH XI 


ASPHALTIC PYROBITUMENS 

Thk luspliaUic pymlutuiiiciis im* iiatunil hulwtanccH con)|)OgcMl of 
hy(lnK‘arl)Oihs, (•hani(‘ttTi 2 <‘(l hy their iiifunihility ami (*oni|mnitivo fnixlom 
from oxyjsonatoil sulwtanoos. 'Phey are grou|)o<l into five eltWHOH, viz.: 
olateritc, wurtzilite, alUTtite, iiii|)8onite, and anphaitir pyrohituminouH 
shales. The first four are (‘omiMimtively fnn* from {issociati d mineral 
matter (usually under l(f |xt eent). If th(‘ mineral matter pixdominateH, 
the material i.s knowi» as an Jisphaltic pyrohituminous shale, whieh tenn 
is appliwl indiscriminately to shales containing wurtzilite, alla»rtite or 
im|)sonite. 

Much confiwion exists reganling the chissification of asphaltic pyto- 
hitumens. Every now and then it is aliegeil that some new tyix* is 
di.scoveo'd, which on clow‘r investigation prov(‘s to Ik* an old suhstance 
chnsteiKMl under a difTcixMit name. Thus the wwallcMl “ nigrite ” de- 
scHIhhI hy (i. H. Kldridge,‘ is nothing nion* than all)ertife (see p. 15 r)). 

Klaterite, wurtzilite, allsTtite and impsonite when they occur asso- 
ciated with less than 10 jxt cent of mineral matt4T, are distinguisheil 
from one another sis follows: 


KInt» rite 
iirfiilite 
AllMiiite 


j Striali 

I f ighl I 
{ I imIiI l(r<>«n 
j Itrown 1(1 i lark. 
llUik 


.‘'I»e( ifir It > 

«t 77“ F 

0 I (If* 

1 or. 1 07 

I tl7 I 10 
I 10 1 jrt 


Fue«l ( 'ttrlx.n, 
1*T ( Vllt, 

2 li 
A ‘JS 
2A W 
.V> HA 


All four are derived from the metamorph(Mi6 of petroleum, and it is 
probable that the impsonite represents the final stage of transfonnaiion 
of elaterite, wurtzilite and albertite, as well as the asphaltites (gilsonite, 
glance pitch and grahamite). 

•“Th^ AsphAlt ftad Bituminout Rork DepoiiU of <b« Uoited 22d AdduhI Report, U. S. 

G«r.|. Survey, Wwh , D.C. Part I, pp. 222 and 360. 1901. 
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ELATERITE 

This asphaltic pyrobitumen is the prototype of wurtzilite. It is found 
in a few localities, in small amounts and is of scientific interest only. 

England 

Derbyshire County. Elaterite was originally discovered at the Odin Mine in 
Castleton by Lister in 1673-4,* It was again described by Hatchett,* who found 
it to be moderately soft and elastic, like India rubber, having a specihe gravity 
of 0.9053-0.988. It is slightly soluble in ether (18 per cent) and swells up in 
petroleum naphtha. Klaproth * examined this same material, stating that it "fuses 
at a high heai, and after this may be drawn into threads between the fingers," 
also that it contains between 6 and 7 per cent of ash.* 

Australia 

State of South Australia 

Coorong District A variety of elaterite is found on the roast south of Ade- 
laide, Australia, known under the name of "roorongite." * 

Asiatic Russia 

Province of Semiryechensk 

This deposit occurs at the mouth of the Hi River, in the neighborhood of Lake 
Balkash,* and tests as follows: 


(Twt 7) 8p<'oifio gravity. 0 095 

(Teat 21a) Solubility in carbon diaulphide . . Very alight 

(Teat 21c) Free mineral matter 3 5% 

(Teat 37o) Acid value .49 

(Teat 376) Saponification value. ... . 56 0 

(Teat 39) Saponifiable matter III 

Uiiaaponifiablo matter 8S 9% 


It is characterised by the preacnci' of aapunihahle matter, and in thia rcapcct differs from the 
foregoing. 


WURTZILITE 

This has been found in but one region/ as follows: 

United States 

Utah 

Uinta County. This region embraces about 100 square miles in 
the neighborhood of Indian, Lake, Avintequin and Sams Canyons, trib- 

»PAil. Troni., 1673. 

• Ltnn. Tran*., 4, 146. 1797. 

>Snlr., t. 107. 1802. 

• Morrison, Min. Mag., 8, 133, 1889; and Maguire, Mines and MintraU, 10, 398, 1900. 
*Jaeltaon, Pharm. J., SI, 763 and 786, 1872; G. C. Morris, Proc. Acad. Philad ^ 131, 1877; 

Gumming. Prac. Royot Sac. Viet., IS, 134, lOai; Boodle, Bull. Roy Bot. Gardena, Kew, 145, 1907. 

• Rakuain, Petroleum, I, 729, 1913. 

tW. P. Blake. Eng. Mining J., a, 643, 1889; 40 , 50, 1890; aleo 106; frwu. Am. Intt. 
Mining Eng., 18. 487. 1888. 
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uUries of Strawberry Creek, which in turn IcjuIh into (he Uinla Kiver. 
The veins occur ai)Oiit 5() tnih^ nt^uthwost of Fort Duclicsnci varying in 
length from several hiinflrtHl feet to 
al)out 3 miles, and from I to 22 in. wide, 
filling vertical faults in shaly limestone. 

Altogether al)out 30 veins have Ikh'u 
discovered, closely ivstanbling those of 
gilsonite. Many of them split into a 
numl)er of s nailer bninches, either in a 
vertical or horizontal diixvtion. The 
largest veins oc*cur UdweiMi the Ix'ft- 
Iland and the Hight-Hand forks of 
Indian Canyon. It has l)een exploited 
under various names, including elateiitc 
(iiiipiot)er u.se of this name), aegcaite, 
aeonite, etc. 

A view of one of the veins is shown 
in Fig. f:’); a section through the mine, 
in Fig. f)6; and the tnunway for con- 
veying (he product from the hillside 
mine to the valley below, in B'ig. 57. 

Wurtzilite is chanieterized by iHung 
s(‘(tile and cutting like horn or whale- 
lK)ne. Thin flakes are somewhat ehustic, ,, , , „ 

. I ourO’fy ul lUvvn Mitiiiix ( o. 

coinpanihle in a way to that of (tlasK m- vi..«. „f W.irixiliu- Mii..-, 

mica, rather than to the yielding ehusticity t’»ii( 4 i ( ounty, Utah, 

of rubiHJr. If a shaving is Ixint too far 

or suddenly, it snaps off like ghias. This distinguishes it from other 
a.sphaltic pyrobitumens as well as the asphalt iU^. 

Attempts were made to find its fusing-point by heating it as high as 
8(K)® F. in sulphur, but without having any effect. 

It tests as follows: 



(Tp*t 1) Color in niMi BiMk 

(Tmt 4) Frnrture ... Conrboidal 

(T«rt 5) Luslrv ... Bricht 

(Tmt 0) Htroftk )>mhi browQ 

Eitirmrly (hin splinUm nro •rnit'trnriiipiir^nt. nhumnc a 
deep red color by tr«a«niitted light 

(Twrt 7) Specific gr»%’ity at 77* F . I O.'VU 07 

(Teat 9a) Hanlneaa. Mob’a Scale Betweeti 2 gad t 

(Teat 96) llardnem at 77® F (peneir<jnM*u^) 0 

(Teat 9c) Hardnca*. eonsiatometer, 77® F <»ver IfiO 

(Teat 146) On heating in flanie . ..... Hofietia and bufag 

quietly 


m 


A0FHAL1B AHD Ali^EED 



^ Raven Mining Cob 

iriQ. 66.— Transporting WurtzHite from the Mine. 
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(Tr»t 15) Fu»it>K'(Miitil 


(T. st 101 Volahl.* at :i25* F . in 7 hr* 
iT'itt I'J) Kisftl <-arix>i> 

(Ti-al 20 ) Dulillntioti 

0 1 C .... 

15(^ JtiO*’ C 
2<K» V 
2 S 0 'M) 0 ^ C 
C'arb<wkac«><>ui« rm»lu«* 

(T«it 21d) Sttluhl** in ciiirlK)u iliRulphui** * 

<T«*«rt 216) Non-nnni rai rnattir 
(Twit IMcl Mineral mattir 
(Tiwt 221 

(T*^t 2.3) .'vijijhli' 1)1 naphlha 

(Teat 24) (.Iratnn di KM) (traixi* rolci n>Im nt 

.\rii\l a<«-tal*’ 

Ainvl Hlrolml 
Am\l iiitrati* 

Aniliii'* 

HvMuI 

Carlx'n iMfiK 
f'hltiroftirni 

Ktli\l mIooIm.I 
Kthsl Hh.-f 
Naphtfirt tiJ® 

Nitr<ilH iiiiin- 
I*ri>p\ I Hiniliii) 

TnrixTitinr 
(Trat 20) (’arlx'fi 
(T«i»l 27) 11% ilr<>K*'ii 

(Tm( 2V) .‘iiili.h.ir 
(T»’9t 2U) Nitr<<g<ii 


Dor* nc»t fu** 
withnut (IrtiUn* 
piMilion 

I r \. 

10 15*^ 

VM 7(1' ;, 

... >2' 0 
o yi‘;. 

30 U2*; 

5 10% 

SS 05% 

0 2 2 5% 

U U I O'"**, 

0 2‘'; 

, Inwotulili* 
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IniHiluhii* 

Iiiwfluhle 

1 K 

1 

Iiiaol itlilo 
liiiMkIulila 
IniMtlulilii 

2 H 

limnlllltll* 

Inm.luhlo 
0 1 
4.5 

70 .5 HO O' ; 

10 r, 12 5': 

4 0 0 0% 

1 H 2 2% 


ALHLHTITK 

This is a ^('noric term apjiluol to a jirouj) of asplmltic pyrnhitiiinons 
similar to thr ty|x*-siil)staii(r which was formerly mineii m Alliert ( ouiHy, 
New Brunswick, ('anada, characterized by its: 

(1) Infusibility; 

(2) Insolubility in carl)on disulphide, etc.; 

(3) S|x*ciric pnivity (1.07 to 1.10 at 77® F.); 

(4) Percentage of ^lxe^^ carlion (25 to 50 jier cent); 

(5) Small i)ercentagc of oxygen pn^semt (le.sH than 3 jier cent). 

It occurs in several localities, of which the typical deposit will be 
(le.scribed fiist. 

Canada 

Province of New Brunswick 

County of Albert. In 1849 a local geologist. Dr. A. Gesner, discovered 
1 sul^stance originally tenned “ allx;rt coal,” sul^sequcntly renamed 
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albertite/’^ on Frederick Brook, a branch of Weldon Creek, near Albert 
Mines, 20 miles south of Moncton. Shortly after this, litigation gave rise 
to a discussion whether or not the mineral was a true coal. The courts 
decided that it was, and not until many years later was its true status 
determined. 

The principal vein has been traced approximately 2800 feet and 
varies in thickness from several inches to a maximum of 17 ft. It is 
connected with a number of smaller lateral veins which in turn break up 
into still smaller offshoots. The maximum depth reached by mining 
operations was approximately 1400 ft., and it is estimated that alto- 
gether 230,000 tons have lx;en mined. The main use of the product was 
to enrich bituminous coal in the manufacture of ilhnninating gas, but it 
is no longer available, as the mine has Ixjon inactive for many yearn. 

This occurrence takes the form of a tnic fissure vein cutting across a series of 
beds of so-called '^oil shale.s,” which will l)e described in greiitcr detail later (see 
p. 162 ). Mention should l>e made here that the surrounding shales abound in fossil 
remains of fish, which indicate that albertite and its a.s.sociated shales are of animal 

origin. 

On analysis it tests as follows: 


(Teat 1) 

Color in niaaa 


Black 

(Teat 2) 

Homogeneity 


Uniform 

(Teat 4) 

Fracture .... 


CoiicIi<u(]hI to hackly 

(Teat 8) 

I.ualre ... .... 


Bright 

(Teat 6) 

Streak.. . . 


Brown to Muik 

(Teat 7) 

Specific gravity at 77* F.. . 


1.075- 1 091 

(Teat 6a) Hardncan, Moh'a acalo. 


2 

(Teat 96) 

itardncaa, penetrometer, 77® F 


0 

(Teat 9c) 

HnrcIricHH, conaiatonieter, 77® F 


Greater than 1.50 

(Teat 14c) 

On healing in flame 


Intumeares 

(Teat 18) 

Fuaing-point 


In.’uHihle. Decomposes 
before it melts 

(Teat 10) 

Fixed carbtm 


25 - 50% 

(Teat 21a) Soluble in carbon diaulphido 


2 -10% 

(Teat 216) 

Noii'mincral matter ineoliible. ... 


85 -98% 

(Teat 21c) 

Mineral matter 


0 1-0 2% 

(Teat 23) 

Soluble in 88* naphtha 


0 5^ 2 0% 

(Teat 24) 

Solubility in pyridine (boiling) 


25 -35% 


I II 

III 

IV V 

(Teat 26) 

Carbon 83.44% 85.40% 

85 53% 

86 31% 87.25% 

(Teat 27) 

Hydrogen 10 08 9 20 

13 20 

8 96 9 62 

(Teat 38) 

Sulphur 0.44 Trace 

1.20 

Trace 

(Teat 80) 

Nitrogen 3 10 

0.42 

2.90 1 75 

(Teat 30) 

Oxygen 2 22 


1.07 


Undetermined. 0 04 0.12 


0 10 1.21 


100 00% 100 04% 

100 36% 

100 24%' 99 83% 


»C. T. Jaekion, Proe, Boston Sof Nat. Hitt., f. 279; WethiTill, Trans. Am. Ph%l. Soc , Ph\lad., 
3A3, 1W2, " Albcrtiti*,” Dr J W Dawdon, FG.S., “Acadian Gcol." Kdinburgh, p 198, isaS; 
“Alb^rtiU*," C. H. Hitchcock. Amrr J Hci , 19 , pt. 2, 267, iSO.'i; W P. Blake, Trans. Am Inst. 
Minin$ Sng , 18. 863-82, 1889; Milner, J Mining .Soc. Nom Scolta, 11, 62. 1012; "Oil Shalea of 
Atatiioa.** by C. Bwkerville and W. A. Hamor, J. Ind. Eng. Chem., 1, 807, 1900, 5, 73, 1013, 
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Province of Nova Scotia 

Pictou County. An unusual deposit occurs immediately below the well-known 
McGregor seam at Stellarton. The approximate thickness of the bed is given as 
5 ft., subdivided as follows: 

(1) A layer of coal 1 ft. 4 in. wide. 

(2) A layer of albert ite 1 ft. 10 in. wi^e. 

(3) A layer of pjTobituminous shale 1 ft. 10 in. wide. 

The’ species of all)ertite h»ia Ixn^n exf^loited under the name “stellarite." It 
seems to represent a state of transition lK»t\vtH*ii true allH*rtitc and the cannel 
coals, of which the Scotch mineral torbanite (s(*e p. KM)) is a representative. The 
bed contains fossd aninwd and vegetable remains. A splinter of slellanto may !« 
cjisily lighted with a match and will burn with a bright, sir.oky (lame, throwing off 
sparks like stars (whence its name). It was formerly ustni to enrich latuminous 
coals in the manufacture of illummating gas. The layer of 1*010 is on ordinary 
fat-(‘oking coal, showing a laminatiHl structur(\ and <*ontainmg 02,00 fier cent of 
fixed carlx)n an<l 4 |)or (*t‘nt of ash 

'rhe .stcllarite and a.s.Hociatc<l pyrobituminous shale tests as follows: 




StrUontf {iilbtrhtf) 

/‘vro/otuminoai «Aa/« 

(Te.it I) 

Color in mass 

Hrowti to black 

Cray black 

(Tm 4) 

Fracture 

Hackly 

('onchoidal 

(Teat .5) 

Lustre 

Sciiii-briglit to <lull 

Dull 

(Teat 6) 

Streak 

He^ldish broan 

brown 

(Teat 7) 

Specific gravity nt 77* F 

1 07 1 10 

1 .56 1 78 

(Teat 1.5) 

Fuaing-p<int 

Infttsible 

Iitfuaible 

(Teat 19) 

Fixed carbon 

22 ,3.5 2.5 2.3 

8 .3 -12 3% 

(Teat 21a) 

Soluble in carbon <liaulphide . 

2 0*;, 

Trace 

(Teat 2Ic) 

Mineral niatt« r 

8 2 8 9';. 

f)2 0 62 ()'';, 

(Teat 2.5) 

Moisture 

0 2 -0 

0 6- 1 0% 

(Teat 26) 

Carbon 

88 r;. 


(Teat 27) 

Hydrogen 

11 Vc 


(Test 28) 

Siilphur 

0 r; 

0 2.5 0 74' 

(Teat 29) 

Nitrogen 

0 2', 


(Teat .30) 

Oxygen 

0 .5'; 



1’he ])resence of the very small percentage of o\ygen (0.5 p<‘r cent) differentiates 
the materi.'d from lignite and the other non-asphaltic pyrobitumens, thus corre- 
sponding with the ultimate analysis of the New IJrunswick nlliertitc. 


United State.s 


Utah 

Uinta County. A vein of all)ertite (christened ‘'nigrite” by KIdridge, see p. 
140), 120 ft. long, showing a maximum width of 20 in., Is found 8 miles from Helper, 
and 5 miles east of Soldier Summit, having the following cliaracteristics: 


(Teat 4) Fracture . . 

(Teat 5) Luatre ... 

(Teat 6) Streak 

(Teat 7) Specific gravity at 77* F. 

(Teat 9a) Hardncaa. Moh’a scale 

(Teat 146) Heating in flame. ... 

(Teat 1.5) Fuaing-point 

(Teat 19) Piaed carbon 

(Teat 21a) Soluble in carbon disulphide 


Conchoidal 

Semi-dull 

llrownish black to blaek 

1 092 - 1.099 

2 

Splits gnd burns 
Infusible 
87 - 40 % 

3 - 0 % 
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(Test 216) Non-mineral matter insoluble 94,20-97% 

(Test 21e) Mineral matter 0 2% 

(Test 23) Soluble in 8S* naphtha Trace 

(Test 28) Sulphur 1.0% 


Australia 

Tasmania. A species of iillierilte described under the name of “tasmanite” ‘ 
has l)cen reported near the River Mersey in the northern portion of Tasmania. 
It is found disseminated in a pyrobituminous shale and complies with the following 
tests; 


(Test 1) Color in mass 
(Test 2) Homogeneity. 

(Test 4) Fracture 
(Test 5) Lustre . . 

(Test 6) Streak. 

(Test 7) Specific Kravity at 77® F 
(Tost (to) Har<lnes«, Moh’s scale. 

(Test 15) Fusinn-point 

(Test 21a) Soluble in carbon liistilphide 

(Test 2lf) .Mineral matter 

(Test 20) Carbon 

(Tost 27) lIvilroKcu 

(Test 28) Sulphur 

(Tests 29 and .'10) Nitrof(en ami osvKen 


Black 

Uniform 

Conehoidal 

BriKht 

Yellowish brown 
1 10 
2 

Infusible 
Trace 
8 14% 

79 2 -79 3% 

7 2 - 7 4% 
r> 28- 5 32% 

4 93% 


LiboUo 


West Africa 


A species of albertite is reported at this locality under the name “lilxillite." * 


IMPSONITE 

This represents the final stage in the metamorphosis of asphaltites 
and asphaltic pyrobitumens. It is characterized by its: 

(1) Infusbility and insolubility in carbon disulphide; 

(2) Specific gravity (1.10 to 1.25); 

(3) High percentage of fixed carbon (50 to 85 per cent); 

(4) Comparatively small percentage of oxygen (less than 5 per 

cent), which differentiates it from the non-asphaltic pyro- 
bitumens. 

The weathered asphaltities taken from the exposed portions of the 
vein, where they have been subjected for centuries to the action of the 
elements, closely resemble impsonite in their physical and chemical 
properties, and may therefore be classified as such. Outcrops of gra- 
hamite are especially prone to metamorphize into impsonite, and many 
prospectore have been misled on this account. 

»A. J. Church, Phtl. Mao , IS. 465, 1864; Newton, Oeal Mao . t, .336, 1875; Stephens. Proc. Rav 
8oc. Ttu., C, March. 1876, 

*Qofflee, Comm. Dir. Trabitlhot O 00 I., Portugal, ». 244-290; 4 , 206, 189fr-8. 
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The following represent the most importunt ilei)Osil3:* 


rNiTKD States 


Oklahoma 

Im Flore Courittf One of tlie largest (IcfHvsit.s of inipsonito occurs 2 miles ewt 
of Page on the southern s1o|k' of Black Fork Mountain (S t, Sec 21, T ii N, U 2(1 K), 
filling a fissure caused by a fault 'I'he vein is aUmt 10 ft thick, and has l>een 
mined to some depth It complies with the following tests: 


(T<"<t 1) Color in inasn 

(Ti“<t 4) Frurturo 
(Test 5) 1-1181 re 

(Test 0) Streak 

(Test 7) Sperili\e gra\ily at T?” F 
(Test 9fll Hardness, Moh’x scale 
(Teat 141)1 Healing in flarne 
(Teat ITi) Fiiaing-pf'>'>< 

(Teat 19) Fixed carbon, 

(Test 2 la) Soluble in earlion di-ulplmb' 

(Te^it 216) Non-nnneral mailer insoluble 

(Teat 21c) Mineral matter 

(Teal 24) Solubility in pyridine (boiling) 

(Teat 25) Moisture 

(Test 28) Sulphur 

Murray Courttii. Impsomte has been 
(Sec. T 1 S, B d Kl, m a vein about 
bottom. Its characteristics are similar U 


Hlack 
Hackly 
Seini-dull 
Hlack 

1 235 

2 3 

Decrepitatea 
Infuaiblc 
7.5 O 81 C'l 
4 fi% 

93 99% 

0 7 2 5% 

3 8H% 

0 I- I 5% 

1 00% 

reported T) miles northeast of Dougherty 
IS in thick at the top and 7 ft. at (he 
the preceding 


Arkansas 

' Sett CnmU Another <lo|.n«it of Ini|>sonite oeeiim in llie western pnrt of 
Foiir<'tie Mountain, aliout 12 niile.< ea>t of tin- Hlack Fork Mountain locality in 
Oklilionia 'I'he exai t locality la I mile east of Kaiile (lap, anil 2 mile* ciiat ol 
Harris It occurs in a region of shale ami samlstone, and testa as follows: 


(Test 1) Color in mass 
(Test 4) Fracture 
(Test 5) Lustre 
(Test 0) Streak 

(Test 7) Speeifie gravity at 77° F 
(Test 9a) Hartiness, Mob’s seale 
(Te.st 146) Healing in flame 
(Test 1.5) Fu8ing-F>t'i'it 
(Test 19) Fixed carbon 

(Test 216) Noti-mim ral matter m-olublf 
(Test 2 la) Soluble in carbon disulphide 
(Test 21c) Mineral matter 
(Test 28) Sulphur • • • 


niftck 

Harkly 

Hemi'dull 

Hlack 

1 25 

:i 

])ecr< ptilBlfi 
Infusible 
W) 0% 

99 r/„ 

'Frare 
0 6% 

1.38% 


Nevada . 

Eureka County. A deposit is reported I.V miles «:uth of Halisade ,n ’"J f'-”* 
valley, in a vein lillinR a fault ahout dOO ft. long and of unknown depth. lU 
physical and chemical characteristics are similar to the preceding. 

»“Crahamite Deposits Found in Eastern Oklaboina,” by J. A. Taff, Hulletm No. 380, U. 

Nev«,.. by Kobe. Antier^n. BuUHin No, 

380. U. S. Gcol Survey, Waah., D. C., p 283, 1909, 



CHAPTER XII 
PYROBITUMINOUS SHALES 

Undku this heading will l)c considered the oil-forming shales con- 
taining pyrohitiirnens associated with earthy matter, which will produce 
oily or tarry distillates upon being subjected to destructive distillation. 
Oil-bearing and asphalt-bearing shales from which petroleum or asphalts 
may be extracted with solvents are not included. The well-kiiown 
shales in France occurring at Autun (Saone-et -Loire) and Bruxi^re.s-les- 
Mines (Allier) consi.sting of semi-liquid ius()halt a.s.sociate(l with shales 
shall accordingly be excluded, although the.se have been cla.ssiticd indis- 
criminately with the true pyrobituminous shales by other writei's. 

Pyrobiturninous shales may be sub-divided into two classes: 

(1) A.sphaltic pyrobituminous shales, in which asphaltic pyro- 
bitumens (elateritc, wurtzilite, albertite or impsonitc) are associated with 
shales. 

(2) Non-asphaltic pyrobituminous shales in which non-asphaltic 
pyrobitumens (winncl coal, lignite or bituminous coal) are as.sociatcd 
with shides. 

Little or no attempt has been made to difTerentiate between these two 
groups, on account of the difficulty in identifying the bituminous material 
present. This will become apparent when it is considered that pyro- 
bitumens are substantially insoluble in solvents and are moreover masked 
by the associated mineral matter, which interferes with the usual dis- 
tinguishing tests, .such as the specific gravity, lustre, streak, etc. Up 
to the present time all pyrobituminous shales have l)een referred to under 
the general tena ** oil shales," which is really a misnomer. 

The following means are suggested to difTerentiate the two classes: 

(1) By the pyrobitumens found locally. 

The presence of asphaltic bitumens in (he vicinity would indicate an 
asphaltic pyrobituminous shale. Similarly, non-asi-haltic pyrobitumens 
would tend to establish the identity of the shale as non-asphaltic. If 
both types are present, the evidence is non-conclusive. 

(2) By the jussociated fossil I’emains. 

If vegetable (plant) fossil remains only are found associated with the 
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shale, the indications are that it is non-asphaltie, since it is definitely 
established that the non-asphaltie pyro!)ituinens are of trgetabk origin. 
On tlie other hand, if animal (fish or molhisc) fossil remains are present, 
the shale will more than likely represent the asphaltic pyrobituminous 
variety. 

(3) P'fTect of heat on the solubility,— 

On heating in a closed retort to 300 to 400° C., asphaltic pyro- 
bituminous shales will de|X)ly!iierize and become more soluble in carl)on 
disulphide (see p. 57), whereas the non-ju?phaltic pyrobituminous shales 
remain unafTectod. 

(4) By the percentages of fixed carbon and oxygen (calculated on 
the basis of the non-mineral matter present). I'hese two criteria, con- 
sidered together, furnish the most reliable me.ans of distinguishing 
between the two cla.sses of shale, a.s will be observed from the following 
figures, calculated on the basis of the non-mineral constituents present: 


AophaltiC Pyrohrlumtnout Shalt s 
Wurtulitc 
AlbcrtitP rtlifilos 

Sofi-anphaPu !’i/rahUiin,\noim Shah* 
Canncl 

I iKiiitr sluil' '* 

HjturniiuMis oiial "(linlf 


1‘<T (N'lit Fun! 
(’iirboii 

on thi Mill* rnl-(n‘*‘ 
Hjoh' 


2 10 
5 25 


5 20 
15 30 
25 50 


iVr Oni < g«*n 
(('HlrulMUsi on the 
Minoril-fror Ha«u) 


ihtin 2 
than 3 

5 10 
15 2H 

a 18 


It will be noted that the percentage of fixed carbon calculated on the 
mineral-free basis, runs lower than in the corresponding (pure) pyro- 
bitumens (see p. 00 and p. 483), due to the presence of the mineral 
matter, which a.ssists in the combu.stion of the carlion during the test, 
decreasing the yield of “ fixed carl ion,” and at the same time increasing 
the percentage of volatile constituents. This is imfx)rtant from a com- 
mercial view -point. The most valuable pyrobituminous shales are those 
which produce the largest amount of volatile matter when subjected to 
destructive distillation. This is true with the alliertitic cannel coal 
(torbanitic) and lignitic shales, whereas the bituminous coal shales 
yield but little volatile matter and have no commercial importance. 
Two types of bituminous constituents are present in non-asphalt ic pyro- 
bituminous shales, viz.: (1) macerated and carl)onizcd plant remains 
similar to coal, and (2) yellow resinous bodies representing the last stage 
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in the oxidation of the woody tissue. ‘ Elaterite, wurtzilitc and impsonitc 
shales are rarely found. 

Before taking up the shales proper, we will first consider the proto- 
substances of the can n el-coal shales, namely the “ cannel ” or “ parrot 
coals ” (called so on account of the crackling noise taking place on com- 
bustion), of which " torbanitc and “ pyropissitc ” are the best known 
examples. These represent the pure bituminous constituents as they 
occur in the respective shales, and accordingly furnish a valuable in- 
sight into the composition of the shales themselves. (See p. 60.) 

Torhanite is now extinct, bat was mined in large (luantities at Torbane Hill, 
near Bathgate in Linlithgowshire, Scotland, from 1S50 to lSb2. It is also known 
under the names “torbanehill mineral,” “boghead cannel coal,” and “bathvillite,” and 
tests as follows: 


(Teet I) 

Color in mnaa 

Brown to nearly black 

(Teat 2) 

Homogeneity 

Uniform and amorphous 

(Teat 4) 

Fraetiire 

Sub-conchoidal 

(Teat 5) 

Lustre, 

Dull 

(Teat fl) 

Strenk . .... 

Yellowish 

(Teat 7) 

Specifle gravity at 77^ F .... 

I 17-1 32 

(Teat 9fl) 

Hardni'ss, Moh’a scale .... 

2 

(Teat 146) 

Healing in flame 

Ignite.s, splits and burns 

(Teat 13) 

Fasifig-point 

Infu.sible 

(Teat 19) 

FiK^l carbon ... 

6 r. 1.3 .3%: 
average 7 65% 


Same calculated on non-imneral iiiulter 

9 6% 

(Teat 21a) 

Soliibl« in carbon ilisuiphule 

Slight 

(Teat 21f) 

.Mineral matter 

12 8 2.3 V[ 

(Teat 2.3) 

.Solubility in 88** naphtha 

LesM Jfian 1 ti% 

(Test 2fi) 

Carbon 

78 07- 78 80% 

(Test 27) 

Hvilroi'cn 

11 11-11 40% 

(Tost 28) 

Sulphur 

0 .'■>0-0 70% 

(Teal 29) 

Nitrogen . 

0 .'■>.') -1 .37% 

(Teat 30) 

Oxygen 

. . 9 08 10 22% 


Torbanite difTers from the asphaltic pyrobiturnens in its physical properties, also 
in containing a greater percentage of oxygen and because it shows distinct signs 
of having originated from plant growth. For many years there was much discus- 
sion reganling the exact status of torbanite, and whether or not it represented a 
true coal.* It probably rei)rc.s('nts a state of transition between vegetable matter 
and the true non-asphaltic pyrobiturnens. The cannel or Ixighcad shales found in 
the Lothians (Scotland) consist of bituminous substances of the nature of tor- 
banite (termed “korogen” by the Scottish geologists) a.s.sociated with more or le.ss 
mineral matter. 

Pyropissitc is a siiecies of cannel coal, formerly mined at Weisacnfels, near Halle, 
Saxony. It contains plant remains, showing unmistakable traces of the cellular 
tissue, and tests as follows: 

(Teat 1) Color in mnaa 
(Test 2) Homogeaoity. 

• H. R. J. Conacher. Otol Mag , 4 , 93, 1917. 

> Watson Smith, J, Soc Chtm Ind , 18 , 398, 1909. 


Grayish brown 
Uniform 
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(Teat 4) 

Fracture . 


Si^mi-concboidal 

(Test 6) 

Lustre 


Karthy 

(Test 0) 

Streak 


Yellowisii- brown 

(Test 7) 

Specific gra\ify at 77® F (dry material) 


0 9 11 

(Test 145) 

Behavior on heating in flame 


Melts easily to a 
piteh-hkc maM 

(Test 19) 

Fixed earhon 


10 15 ‘7. 

(Test 21a) 

Solubility in carbon ilisiilphide (arhen dry) 


tiO^'J, 

(Test 215) 

Non-miner.al matter insoluble 


32 3*7. 

(Test 21f) 

Mineral m.'itter 


7 7 12 1% 

(Test 25) 

Water 


Variable, up to 50- 
60% 

(Test 26) 

Carbon 

77 0% 


(Test 27) 

Hydrogen 

12 


(Test 2ft) 

Sulphur 

0 2% 


{T<*st 29) 

Nitrogen 

0 3% 


(Test 30) 

Oxygen .... 

Total 

9 9Ce 

100 O'’'^ 


(Test 33) 

Paraffine 


02% 


It will be observed that pyropisMte eontams a good projkorfion soluble in car- 
bon disulphide, i e , the so-called nionlan wax (see p 7lb, an<l may therefore 
be considered a “serni-pyrobitumen," falling on the Iwmler line lietwiMui vi*getable 
matter and non-asphaltic pyrobitumens In the same way. (he pyropissiti<’ shales 
may lie classified as ^‘serni-pyrobituminous shales ” On ilestructive distillation, pyro- 
pissite yields: pjivses K 12 per cent, water S 12 i)er cent, tar til tit) i>or cent (siMM'ific 
gravity OS 1-0 til) and coke 12 2ti imt cent ' 

We will now consider the more im|x)rtant deiiosits of pyrobituminous shaloB 
throughout the world: 


United States 

Lignitic and bituminous coal shales ^ are found in the St atop of Ken- 
tucky (Breckenridge County), Virginia, Tennessee, north-western (’olorado 
(in the neighborhood of the Green River), northwestern Utah, Missouri, 
Nevada (Humboldt River opfto&itc lOlko), Wyoming, Montana (Big 
Blackfoot River near Green Ftills) and C'alifornia ((’holame Valley north 
of Parkfield). 

The principal beds of pyrobituminous shale may be traced along a 
line from central Alabama, northeastward through Tennessee and Virginia, 
and thence westward across central Ohio, passing close to ('olumlnis, 
reaching the Ohio River near Vanceburg. From this point, the shale 
makes a loop through central Kentucky, past I>ebanon, extending to 
Louisville, from which it stretches in a broad belt northwestward across 


> Scheitbauer, "Fahrikation dcr Mincralulc ’’ p 21. , « , „ . 

^Second Kept . Gcol Surv . Kentucky. 7. 211. IS.-SB: "O)! Shale ot America, ’ Baakerville and 
Hamor, / Ind. Eng Chem , 507. 1909. “American Oil Shalee," Baakerville and Hamor, 8th, 
Intern. Cong of AppI Chem . M. 031. 1912. Day m “Mineral Heeouree. of the Umt.*d HUl.j. 
11. 1071, 1913. Woodruff and Day. Bull. Ml-A. U. 8 Oeol Surv , Wajih., D C. 1916; 
Beque, Eng. J , t9, 773. 1915; U. S Comm. Kept . March 13. 1916; Oil Rewui^ of 

Black Shale* of the Eaetern U. 8..” G H Adhley. Bull. 641-L, U. 8. Oeol. Surr., Waah., D. C., 
1017. 



162 


ASPHALTS AND ALLIED SUBSTANCES 


Indi&nA, past Indianapolis, almost reaching Chicago. They are known 
as the Chattanooga, New Albany and Ohio Shales. 

Canada * 

Provloca of New Bmiiswick. Pyrobituminous shales, known as “albert shales,” 
or “arcadian shales” (termed “oilite” by the local geologists) have a wide dis- 
tribution in Westmoreland, Albert and Kings counties. On destructive distillation 
these shales yield products similar to tho.se derived from the distillation of albertito, 
and the composition of the non-mineral matter is 8uppo.sedly similar to the latter 
The albert shale series in places attains a thickness of about 1000 ft. and is made 
up principally of the shales themselves, a.s.soeiated with other inter-bedded .sedi- 
mentaries. In color the shales may be either gray, dark brown or black. Certain 
varietie.s, such a.s the so-called “curly” shales, show a massive structure and break 
with a conchoidal fracture, while others have a laminated .structure and separate 
readily into thin, flexible layers. In the ina.s.sive varieties, veinlets of glossy l)lack 
material, resembling all)ertite, are not uncommon. Kos-sil remair»s of abound, 
especially in the laminated varieties. 

The shales fouiid (it Turtle Creek in the neighborhood of Baltimore, Albert 
County, have the following compo.sition: 

Mowtiiro 0 1 .')4% 

Aflh . . . . 44 21-.% 10% 

Fi*cd l arhon . :{ 20- 5 05% 

Sulphur . 1 (M- 1 70% 

Ultimate analyses are not availalde, but there seems to be little question that 
the non-mineral matter closely resembles albertite. 

Province of Nova Scotia. Asphaltic pyroliituminous slndes, also kno\w as 
“arcadian shales,” are found in Pictou and Antigonish counties. Some of the 
shales are of the a.sphaltio and others ot tne non-a.sphaltic pyrobiturnmou.s cIilss. 
Of the former the so-called “stellarite shales” in Pictou (see p. 1.5.5) may be 
cited as an example, 'fruc coals are also found in this rcigion, as.sociated with coil 
shales (lignitic and bituminou.s). 

Newfoundland. Black bituminous shales oi’ciir on the north side of Notre 
Dame Bay, Cap Rouge Peninsular and in the ncighliorhood of Deer and Crand 
Lake.s. These arc probably of the nature of bituminous coal. Analy.sis of one 
specimen shows it to contain: 

Fixod onrboo 3.5% 

AhH 29% 

Province of Quebec. Pyrobituminous shales, or shaly sandstones, occur on 
certain streams emptying into the Caafk* Basin, principally along the York and 
Dartmouth rivers. Thus far, these shales are of scientific intere.st rather than of 
commercial importance. Unlike the shales of New Brunswick, the bituminous con- 
stituents occur as small imrticles physically combined with rather fine-grained 
shaly sandstone bands. These particles are of a black or brown color, and show a 

» ** Mlneralofy of Nova Scotia," by H. How, Canadian Dept, of Mine® for 1908, Bull 1072, 
p. 132; Bull. 1120, p. 200, 1900; "Joint Report of the Bituminous Oil-.shalea of New Brunswick 
and Nova Scotia," Bulla 5.5 and 1107, 1910; "The Oil Shalea of the Maritime Provincoa," by 
R. W. Ella, J. Mining Soe. Nova Scotia, 14, 1009-10. 
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pale yellow streak, .-onehoidal fnutur.-, mi.l v.treoos lustre. The shales rontaio 
from .50 to 70 per eent of mineral matter, ami yickl 7 to It) per rent fixed carbon. 
They are therefore prol)al)ly of the aaphaltic pyrohituniinoua variety. 

The so-calied “Utica Shales” are found along the St. Uwrenco River ail the 
way from Quebec to Montreal. Farther west the shales nmv be tracetl along the 
Ontario Peninsula along the .«hore of Like OnLrio in the vicinity of Port Hope, 
continuing along the shore of Like Huron near Otnirgian Bay, and particularly 
in the neighliorhood of (’ollingwootl. These contain alnnit 9() per cent of mineral 
matter, the non-mineral coiLstituents lieing probably of a ligneous character. 

JHiazil 

I lovincv of Hdhin. Pyrobituminous shales of uncertain composition have been 
reported in the C.’amamu Iwisin.* 

Knmjlaxd 

A belt of pyrobilurmnous shales of the lignific ami cannel coal varieties (known 
as the Kiinincndgc Shales) strct<•hc^ from Dorset. shire acres: to JaiK'olnshire and 
Norfolk^hire m thin se.ani.s * 

S’o iTL.VM) 

ThLs is the home of tlio shale iiidiistry, which is .still hoing worked very 
actively. The Scotch shales (known a.s “ I.othian ”) .as at present worked 
occur in a welklcfinod .area lying 12 miles west of iMiinhiiigh on the south 
side of the P'irth of Forth, from IIo|)etoun southwards for Hi miles to 
Ooblienshaw, varying in width from d to 8 miles. * They occur ns a fine- 
graineni, hrowni.sh, hmwnish black to bl.ack clay shale in the Upper ('alcif- 
erous Sandstone Scries, having a distinctly laminated fracture, a dull 
lustre, and a .specific gravity at IV F. of 1.75. Rich shales also occur 
on the north side of the Forth in Fife.shirc; and in Kdinburghshin? and 
Linlithgowshire, strata of shales are found in the Lower Calciferous Sand- 
stone Series, not very rich, but which may iieverthcless pay to work some 
day. The shales are divided into two cla.sses known as “ plain " and 
“ curly '' depending upon the predominence of the lair inated structure. 
The best varieties are distinguished by being cut into thin shavings 
with a sharp knife without breaking. These shales may l)e classed as 
torbanitic, and are now mined in the following counties; 

Edinburghshire (rnid liOthinn) PumpherhUtn, Oakbank, New Farm, Roman Camp, 
IngleHnn, Limefield, Jiiul Couslarul. 

• Brannor, Tranit Am. Jn»t Mxnxng Eng, 10, .W7, 1901 

• KimmPridKP Shale, If« Origin. History, and IVa.” Burton Greene Ix)ndnn 1888; "Pe- 
troleum and Its ProdiiPts' Bo\<rton Kt-dwomI, Vol 1. lat Edition, p. 14. W'dliann, J. Cktm. 
Soc . 7. 97: Phxl. Mag . 8, 209 

*"A Praetieal Treatise of Mineral Oils and Their Bv-produrts.” l>y Iltyd Redwood, bondon. 
1897. "Oil Shales of the Lothians," Part I "Geolocy of the Oil Shale Fields," by H M. 
Cmlfll and I S Grant Wilson. Part II "MetlnMls of Working Oil Sbah*s." by W. Caldwell; 
Part III- "Chemistry of the Oil .Shales,” by D R Stenart. issued by the Dept, of Mine*, 
Geol Survey, Scotland, 1906: Tran* JnM Wxnxng Eng, IS, 314 E, 1902; "The Shale Oil Indtlf' 
try." D R Steuart. J Soc Chrm Jnd . 14, 774, 1910 
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Linlithgowshire (W'^e.st Lothian). Broxburn^ Dalmentjy Bathgate, Upkall, Philips- 
toun, Forkneuk, Addiewell, UopeUmn, Wedwood, Deans, Senfield and Newliston. 

In these counties, in the early days of 
the industry, cannel coal and shales 
were mined from strata at a higher 
horizon than the Calciferous Sand- 
stone Scries in the coal measures, 
but the dcix)sits have since been ex- 
hausted. 


FifesbJre. Burntisland (now stopped). 
Lanarkshire. Tarbrax and Cobbinshaw. 

Stirlingshire. Blackrigg. 

Renfrewshire. 

Ayrshire. 


Germany 

Pyropisvsitic and lignitic shales arc foun<l in Rhenish Prussia, Saxony (in the 
80 -cailed Halle District at Halle, VVeis.senfels, Zeitz, A.scherslcben and Kisleben), 
Hesse (Messcl near Darmstadt), Bavaria and Wittenberg (Iteutlingen).* 

Spain 

Shales of uncertain composition occur in the Ronda District in the southern 
portion of Spain. 


Austria 

Lignitic shales are found in Moravia, Bohemia and m the Tyrol. 

Australia'^’ 

New South Wales. Here we find the coorangitic shale designated locally a.s 
“kerosene shale," the non-mineral fwrtion of which corresponds to the asphaltic 
pyrobituraon coorangito (see p. ITyO), the joadja sliale, the clitssdication of whicli 
is questionable, and the asphalti<’ pyrolntuininous shales of the W’olgan and Capertee 
Valleys at Murrurundi, 'rorbane, Capertee, and Wolgan. 

Now Zealand. Here the slialcs are rejiortcd to occur at Orepuki. 

Tasmania. 

Queensland. 

Victoria. 

From the foregoing it will l)e apparent that the subject of “ pyro- 
bituminous shales” is an extremely complicated one, still requiring a vast 
amount of research work liefore all the deposits can be correctly classified. 

Pyrobituminous shales are treated exclusively by subjecting them 
to a process of destructive distillation in suitable retorts to recover the 
tarry distillate and ammonium sulphate as will be described in Chapter 
XVI. The intrinsic value of the shale is dependent upon the amount of 
shale tar and ammonium sulphate obtained. It is interesting to note in 
passing that Steuart obtained a product resembling crude shale oil upon 
subjecting a mixture of lycopodium sjxircs and clay to destructive dis- 
tillation. 

« "Shale Oila, and Tare and Their Producte," by Dr. W. Scheithauer. J.ondon, 1913 

* Annual Report Col Mnn Lab N Z , S3, 50, S5, .56; SS, 19; 81, 10, Petrie, J Soc Chem., 
tnd., S4. 996; Dunlop, Rept Dept Mines, N. Z, C 3, 52, 1900, "The Kerosene Oil-shales of 
New South Wales," J. B. Carnc, 1903; Bull. Queen Gov. Min D , DecemUr 15, 1915. 
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( HAPTEH XIIl 

GENERAL METHODS OF PRODUCING TARS 

TAJt> constitute the volatile oily dccoiniio^ition products obtained in 
the pyroj^enous tn'atinont of Itituniinous and otlier organic sulwtances, 
and represent distillates of dark color, IkiukI <*onsistency ; liavin^ a char- 
acteristic odor; comparatively volatile; of variable com posit ion , soine- 
tiines associated with carbonaceous matter, the non-carbonaceous con- 
stituents boin^ hir^ely soluble in carbon disulphide; and whose distillate 
fractioned between 1500 and IWf ('. yields comparatively little sulphona- 
tion residue. The pyrogenous treatment embra(‘cs three processes, viz.’ 

(1) Subjecting to heat alone without acce.ss of air, often termed 
destructive distillation.” 

(2) Partial combustion, which may take place either in an atmosphere 
of air and steam (in gas producers) or with a limited access of air. 

(3) Cracking oil vapors at high tem(H*ratures. 

Practically all organic substances which undergo decomjiosition 
upon l)eing subjected to heat produce tai*s, provi<le<l they yield a sub- 
stantial proportion of volatile decompo.sition products, the temperature 
is sufficiently high to bring about the decom|X)sition, and air is entirely or 
partially excluded during the pyrogenous treatment. If the organic 
substance does not contain volatile matter, as proves the case with 
anthracite coal or graphite, no tar will result. If air is present in too 
large a quantity, the products of decomiKisition will undergo compkte 
combustion, and the tar will be consumed. Materials which evaporate 
(i.e. distil undecomposed) or sublime will remain unchanged in com- 
position, and products that explode are converted into permanent gases, 
without the formation of tars. 
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At the present time tars are produced commercially from the following 
products: 

(1) Bituminous 8ul)8tance8 including peat, lignite, bituminous coal, 
petroleum and pyrobituininous shales. 

(2) rVoru certain other organic substances including wood, and 
bones. 

In the early days of the industry, tars were also produced during the 
destructive distillation of grahamitc and albertite (see page 221). 

The following table will give a synoptical outline of the raw materials 
used, the modes of treatment, and the kinds of tar produced: 


Raw Materials Used. 


Bituminous substances: 
PetroliHun prod net a. 

Peat 

Lignite . . . 
PyrohitununouH shales 

Hituniiuous eouls 

Other Orf/anir Maleruils: 
Wood 
Bones . . 


TABI.I-: \V 


Heat Alone 
<” Destructive 
Distillation''), 

Part ml Couibusiioii 


Air and Steam 
(“ Producers") 

Limited Access 
of Air. 

"Crarking” 
of Oil Vapors 

IViil tar 
l.iRnite tar. . . 
Shale far .. 
(las-wurks coal 

tar 

Coke-oven coal 
tar 

peat tar 

Lignite tar 
.Shale tar 

1 Pro«lucer-ga.s 

1 eoal tar 

Rlast-fiirnaee 
eoal tar 

< )il-gas tiir 
Water-ipis t r 

1 

Wo(m 1 tar 

Hone tar 





Petroleum products (e.g., “ gas oils ”) upon being subjected to a high 
temperature under more or less pressure in a closed retort will result in 
the formation of oil-gas tar; and when sprayed on incandescent anthracite 
coal or coke result in the prodiudion of water-gas tar (page 25(}). Peat, 
lignite and pyrobituininous shales result in the fomiation of peat-, lignite- 
and shale tars respectively, (1) when subjected to destructive distillation, 
or (2) upon undergoing partial combustion in an atmosphere of air and 
steam in a so-called “gas producer.” Tars resulting from these two 
processes are similar in composition and hence are designated by the same 
name. Destructive distillation yields a larger percentage of tar than 
partial combustion in an atmosphere of air and steam. 

Bituminous coals form different kinds of tar depending upon the 
nature of the process. Thus gas-works coal tar and coke-oven coal tai 
are produced by the destructive distillation of bituminous coal in gas- 
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works retorts and coke-ovens respectively. Producer-gas coal far is 
derived from the partial combustion of bituminous coal in an atmosphere 
of air and steam in a gas producer. Blast-iurnaie tml tar results from 
the partial combustion of bituminous coal in a limited access of air in a 
so-called “ blast furnace.” 

Destructive distillation of wood results in the formation of wood tar, 
and of bones in the production of l>one tar. 

In the order of their commercial imix>rtance, base<l on the quantities 
produced annually, tars may l)e grouped as follows, vis.: (‘oke-oven 
coal-tar is produced in the largest quantity, gas-works coal tar comes 
next, water-gas tar, oil-gas tar and wood tar following in 8e<pience. 
Insignificant quantities of producer-gas coal tar, bone tar, blast furnace 
coal tar, peat, lignite and shale tars are pixxluced in the rnitetl States. 
( onsiderablc shalc-tar is produced in Scotland, al;^ smaller quantities 
of blast-furnace coal tar. Lignite tar i.s produced in comparatively 
large quantities in Germany. The production of \)Qi\i and l)onc tar 
has not assumed great importance anywhere. 

We will now consider the various process('s for producing tars in 
greater detail. 


DKSTIUKTIVK DISTILLATION 

This process is used for destructively distilling injustble organic 
substances including non-asphalt ic pyrobitumcns, pyrobituminous shales, 
wood and bones. It consists in hcat;ng the substance* to a high 
temix'rature in a .still from which air is excluded, and the distillation 
is continued until the volatile constituents are driven off the residue 
carlx)nize.s. The volatile constituents are groiq^*d into two cltwises, 
viz.: non-condensable and condensable product.*,' the former including 
the permanent gases, and the latter the a<iueous liquor and tar. 

The nature of the ingredients fonned dining the distillation dep'ercU 
largely upon the nature of raw material used and the ten'j)ernture at 
which it undergoes decomposition. As a rule, the older the substance 
from a geological stand-point, the higher the temperature at which it 
decomposes. At low temperatures, wc find aliphatic (straight chain) 
hydrocarbons in the tar, also varying amounts of phenolic Ixxlics, of 
toluene and naphthalene, but no benzene or anthracene. This is true 
in the case of peat, lignite, cannel coal and pyrobituminous shales. Where 
the destructive distillation takes place at a high temperature, aromatic 
hydrocarbons will predominate, including benzene and anthracene. 
This is true with bituminous coak. The aqueous liquor will show an 
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acid reaction in the case of wood and peat, and an alkaline reaction with 
lignite, coals and pyrobituminous shales. 

In general, the yield of tar depends upon five factors, viz. : the com- 
position of the substance, the temperature, the time of heating, the 
pressure, and upon the efficiency of the condensing system. These will 
be considered in greater detail. 

The Composition of the Substance, (a) The Percentage of Volatile Constitu- 
ents. The greater the fwrcentage of volatile <’onstituents, and conversely the smaller 
the percentage of “fixed carbon," the larger the yield of tar. Figured on the ba.sis 
of the dry weight of the non-mineral constituents, the yield of volatile matter 
will range as follow.s, commencing with the highest: wood, peat lignite, bituminous 
coal. The yields of tar follow in the same s(‘qucnce, viz.: 

Wood , 10 -20% 

Peat ... 

Lignite . , 5 -Id' 

Bituminoua coal 3 ' 7 ‘/q 

(b) The Percentage of Oxygen in the Fuel. As a general rule, the greater the 
percentage of oxygen in the fuel, the greater the yield of tar. (ieorge Jamge ‘ 
cites the following figures to show the relation between th(* percentagi's of oxygen, 
tar, and water, based on the dry weight of fuel. 


Fu«‘l ('enluin.M 

Per (’etil 

\ lelil Tnr. 

I’<T CVlU 

Vi.1.1 WHler, 

I*< r f'ent 

(txygni .5 0' 

:i () 

4 .58 

Oxynt'n 01- 7! . 

4 or> 

.5 Ht> 

Oxygen 71 0, 

os 

0 .SO 

OxyiC'ii 9-11 

,5 4S 

S <.() 

OxyKcnll i:i 

.59 

7 SO 


The Temperature. («) The Temperature at which the Fuel Decnmjme.’t. As 
stated previously, each type of fuel has a definite teniiierature nt which distilla- 
tion commences. The older the fuel from a gcologieal standpoint, the higher this 
temperature, and hence the greater yield of coke, and the smaller that of tar. 
It would appear that a preliminary decomposition approaching a state of fusion 
occurs at this temi>erature which remains fairly constant until the carbonization 
is complete. The coke-forming property of bituminous coals f’efxinds upon the 
presence of constituents melting at a lower tem|)erature than that at which car- 
bouiiation liecomes appreciable. 

The kindling teiniKsratures of the various fuels are: 


Dried wood 

Dried peat 

Dried linnite 

Bituminous coal 

Anthracite coal 

Coke 


400“ F 
4. ’•»()“ F. 
500“ F 
000“ F 
7.')0“ F 
1000“ F. 


***Coal Tar and Ammonia,” 5th Edition. New York. 1916. 
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(b) The Temf>eralure at irheh the DMation w Performed. This is distinct 
from the precedinK, juid is determined by the quantity ajid intensity of the heat 
applied externally to the retort in uhich the ilestruclive distillation takes place. 
It defiends uixm the nature of the heating mciliuiii, and the manner in which it 
is applied. 'Fhe tenqKTature may lie close to that at which the fuel underlies 
distillation, or it may be vastly in excess thereof. The higher the tomperaturo 
above that nece.ssary to cause incipient iiet‘Oin|K>sition. the smaller the yield of 
tar, and the larger that of gas. 'I'his is strikingly illuKtrated by the following 
figures relating to the .same coal distilleil under difTenuit ('onditions: 

D)\v-temperatiire carbonization Yield ja^r ton: Iti gaK. tar and 900() cu. ft. gas. 

High-tcmix'rature carbonizatioir ^ leld |H‘r l<ni. 9 gals tar and 1 1,000 cu ft. gas. 

\Nith a Derbyshire .shale and a Notts cannel coal, the following yields of tar 
were obtained: 


I.<iw ralarf ( arl>"iuu»ti(m 

Normal tompcraturc onfiioiuralion 
iiiKli nanpcratiiro < arliom/alion 


I 

I 


.sIihIo, | 

I'.rOnt I 

ft 


\ollK ('nriiml ('«>*), 
IVr CVul. 

II 

IS 

U 


.\ l)erb\.shire co.il \shitli contained, carbon, 7.'»71 jier emit; hydrogen, 0 27 
per cent; .siil|)hnr, 1 72 imr ti'nt. nitrogen, I 72 imt cent; oxygen, 11.50 |>er cent; 
and a.sh, 2 00 |mt cent, yielded (lu* following jMT HK) kilograms: 

(‘arbom/ed at StKI'' (’ . 'Far, ti l.'t litres (.x|K*eific gravity 1.00, containing 15 jier 
cent of fri‘r* carlKin) and coke. (>1.75 kllogranl.^. 

(’arbonized at IKX)'’ (' 'Far, 5 .17 litrc.s (-jx-ciFic gravity 1,207, confining 30 
per cent of free carl>on) and coke (»1 l(i kilograms. 

It will l>e ob.scrvcd that a high tein{K>rature resulted in the formation of n 
larger fierccntage of free carl)on in the bir, due to greater decomiKisition (“cracking'’) 
of the distill.'itc 

A cerbiin bituminou.s coal, when carbonized at a low' tcnii>crature (4(X)-600® C.) 
produced nnsaturated hydroi-arboii'*, higher parulfines an<I oxygenated compoundii. 
Between ('>00 and 800° methane and hxdrogcn were evolve<l, and at temfier* 

atiire.s aljove 800° C. the main product was hydrogen. In a lal>oratory t.est, it 
was found that on fiassing mixture of hydrogen anti methane in equal volumes 
through heated coke at a temrierature of 800° 2 f>er cent of the methane was 

deconqiosed into hydrogen, and at lltXI" C\, 65 per cent was decomposed. 

Arom.itic hydrcK'arl>ons, ujMin Isung subjected to a gradually increasing tem- 
perature (050 -S(X)° C ), arc tranaformed as follows: 

Higher Benzene Homologucs— >Ix)wer Benzene Homologucs— d)iphenyl— ^Naphthalene 
—♦Anthracene. 

At temperatures alxive 800° C.'., the anthracene is decomtiosed into rarlion and 
gas.* 

• y. Ind Enff Chrm , 7. 1019, 191.'). 8, in."», lOlfl, "Thf PyroKCDciiii ot IlydrocftrboM," bf 
a. £. Dunstan ami 1' d Tholo, J Ind. Enff. Chrm , S, SS8, 1017, 
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The Time of Heating, (a) Thicknestt of the Fuel Layer. The deeper the layer 
of fuel in the retort or furnace, the greater the sur)erheating, and consequently 
the smaller the yield of tar and the larger that of gas. When the layer is 
deep, the volatile portions are compelled to pass through a ma.s.s of incandescent 
fuel, so that the temperature of the gases is increji-sed, due to the greater time of 
contact. This is the underlying principle in the manufacture of generator 
gas. 

It follows also that the greater the area of contact l)ctween the fuel and the 
heating surfafse, the shorter time it will tike to raise the temperature of the former 
the requisite degre<‘. Small charges of fnel may thus lie heated more rapidly, which 
is coniiucive to the formation of a greater proportion of gas and tir and a .smaller 
yield of coke. Slow heating, on the other hand, results in the production of a 
large proportion of coke, and smaller projwrtions of gjis and tir resj)ectively. It 
is for this reason that comparatively small and narrow retorts are u.seil for the 

manufacture of illuminating gas, and very much larger chambers, where coal is 

treated to obtain coke. 

According to Ilamsburg and Sf)crr,‘ the coking action progresses from the walls 
to the centre of the oven. 'I'hc actual thickness of the coking zone is not much 
over J in., but the drop in temiK*rature across it is very great. It is esti- 
mated that in an oven IS in. wide, with a wall temperature of 1000° C., the 

average rate of advjince Is J in. per hour. As this action progre.s.ses from all si<)ea 
of the retort, it follows that the srmillcr its diameter, the shorter the time reiiuinsl to 
complete the proce.ss. 

(6) Size of the Fuel. 'Phe size of the lumps of fuel h.'us an important l>earing 
on the time of heating. If the luni|)s arc too fine, they will pack together to .such 
an extent that iiwiifficient space is left lietwcen them for the tran.sfer of heat by 
the giuseou.s products. On the other hand, if the lumps arc too large, it will take 
an abnormally long time for the carlxinization process to rca<li the centre of each 
lump, since the heat conduction of the fuel itself is |)oor. The projicr size of the 
lumps is a question upon which almost every gas engineer has his own particular 
views. 

(c) ConHruction of the Retort or Furnace. The thickness of the walls, the method 
of heating, the size as well as the nature of the material of which the retort is 
constructed, all tend to influence the time of heating. .Small units, the u.sc of 
preheated gases for supiwrting the combustion, thin rc‘tort walls constructi^d of 
materials which have a relatively high conductivity at elevated tenqieratures, .serve 
to decrease the time of heating. Fire clay was formerly u.sed for coiLstructing the 
retort. Hocently, however, silica h:us liecn adopteil for the [lurposc on account of 
its .superior strength and heat-conductivity at high temperatures. 

For manufacturing illuminating gas cither horizontal, inclined, or vertical retorts 
have been used. In .horizontal retorts, since it is impr.ictical to till the retort 
completely with fuel, considerable overheating of the volatile constituents will take 
place, due to their greater contact with tlie highly heated up|)er surface of the 
retort between the top of the fuel and the top part of the retort. In the in- 
clined and vertical varieties, this space is decreased and consequently there is 
leas opportunity for overheating the products evolved during the distillation 
process. 


>/. Franklin Inat., tW. 319, 1917. 
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The following figures show the influence of the retort’s inclination on tiio yield: 



Vertical Hi tort. 

Incluictl Hetoft, 

UontontftI Retort, 


Per Cent 

Per Cent 

Per Cent. 

\ icitl of tar . . 

0 


4 

Fr«‘<* rurluin in the tar 

r> 

10 

30 

Pitch obtaincnl from the tar 
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Upon the Pressure, 'riie greater the pr»*s.sure, the Kmger the volatile prtKi- 
ucts are forced to remain in contact with the hot nuort and incandescent fuel, 
and the greater, tlierefore, the carl smizat ion. The u.se of re<hice<l pre.s.sure hastens 
the removal of the volatile con‘'tifucnts .and wrves to increa.'ie the outputs of gas 
and tar, and to reduce the yield of coke. At the .s;ime tune the |K'riod of dis- 
tillation i.s increaseil In manufacturing illuminating or fuel gas, mo<iern practice 
con.slst.s in carrying out th(‘ di-'fillation un«lcr a moderate vacuum. On the other 
hand, when the main ohject is to pro<luce coke, the pressure of the gas inside 
the retort is pur|M)M*ly allowed to incre.a''e somewhat 

Upon the Efficiency of the Condensing System. Ah the viifsirs leave the 
retort, oven, blast-furnace, or producer at f»(X) to WX)’ (’, all the constituents 
exi.st in the ga.seou.s state, excepting the ‘ frw carlion” derived from the decom- 
position of the g:isc.s in contact with the highly hcatc«l walls, also particles of mineral 
matter carried over fnechani<*allv. The vaiMirs are eomiMiH'd of a mi\tun» of siib- 
stance.s, some congealing to solab, otluTs coiiden'^mg to luiuids, and still others 
remaining as permanent gas(‘s at atmospheric tcmperatim' and prt*KSun*. As the 
va}X)ra cool, the solids and lupiids .s(‘par;ite out, forming the tar. Ihis w'paration 
is generally i>rogre.s.sive, the higher Isnling-iioint constituents comlensing first, fol- 
lowed by substaiu'cs of lower iKiilmg-points, and finally InjUidH boiling slightly 
al)Ove atmo.s|)herio tcmiierature. With this in view, the vajKirs may either b« 
cooIchI slowly and the several fractions rec<»vered separately by the held system 
(.see p. 2tb), or they may Ik* cooled rapidly, so that all condensible constituents 
are caught together in the form of “tar," b» be redistilled later into itji com|K)nentil. 
It is a .singular fact, that even when the vaiMirs have Ikm-u thoroughly c(x>Ip<1, tlie 
tar will not .st'parate out complefelv, without further treatment. Part remains hus- 
|K*nde<l in the ga.ses as infinito-rnally hue globules, known as a “tar fog." 'Phis 
term is most e.\prc.ssive. Mine il.s U'liavior i.s very similar to that of an ordinary 
fog, alluding to the weather .Men* emiling will not coinlense a “tar fi)g,“ accord- 
ingly other mean.s must lx? employed, as will lx* «lescrit>ed laU*r (p IHt)) 

It IS evnlent that the yield of tar deiK*nds largely ii|K)n the etliciency of the 
condensing system useil in its recovery, of which the more important lyp6S will 
l)e consiflered in tliLs cliapter. 
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PARTIAL COMBUSTION WITH AIR AND STEAM 

This takes place in manufacturinj; producer gas. Several forms of 
producers are in use, and peat (page 201), lignite (page 209), pyrobitu- 
minous shale (page 216) or bituminous coal (page 239) are variously 
employed as fuel. The reaction which ensues may be expressed as fol- 
lows, in which' C represents the carbonaceous matter present in the 
fonn of fuel: 

2C+0+H20=2C0+H2 

The resulting gas, known as “ producer gjis,” is composed of carbon 
monoxide with a smaller proportion of hydrogen. When anthracite 
coal or coke is used as fuel, no tar results; with bituminous coal, tar is 
fonned in certain types of producers but not in otiicrs (see page 240); 
and with peat or lignite, tar is produced in all types (see page 166), on 
account of the readiness with which they volatilize at low temi)eratures, 
and the comparatively large pro[)ortion of volatile constituents present. 
These tars correspond very closely iii physical and chemical i)roi)ertics 
to the ones obtained from the corres|)onding processes of destructive 
distillation, but with the former the yield is smaller since most of the tarry 
matter is consumed. The following approximate percentages of tar are 
obtained in ordinary producei-s designed to produce the maxinmm yield 
of gas, viz.: 

r>ry pPRt 1-3% 

Dry liicnite (pure) ... . i 1% 

Hituminous coal ... 3 

Lignite carrying a moderate profiortion of mineral matter (e.g. Messel 
lignite, p. 209) is treated in a special form of producer to obtain a small 
amount of gas and the largest posvsiblc yield of tar (4 to 14 per c?nt). 
This is brought about by introducing a limited and carefully regulated 
quantity of air and steam, sufficient only to support partial combustion. 
The same method is always followed in treating pyrol)ituminous shales, 
on account of the greater intrinsic value of the tar, of which 5 to 25 per 
cent is recovered. These processes approach destructive distillation 
very closely, the object being first to biing alx)ut incipient combustion 
of the lignite or shale and the non-condcnsablc gases derived therefrom, 
theroby raising the temperature sufficiently to cause destructive distillation 
to ensue. It will thus l^ecomc apparent that the yield of tar depends 
largely upon the quantities of steam and air introduced. 

When peat, bituminous coal or lignite containing a large proportion 
of mineral matter is treated in a producer, it is always intended to produce 
the largest possible yield of gas, and the smallest proportion of tar. 
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PARTIAL COMBUSTION WITH A LIMITED ACCESS OF AIR 

This process takes place in inniiiifacturing generator ga«, also upon 
STiielting ores in blast-furnaces. No tar is pixxluced in nmmifacturing 
generator gas, hence this process cejises to !>e of interest from the bitu- 
minologist’s stan(l|)oint. In the case of bhist -furnaces, no tar results 
when anthracite coal or coke is use<l as fuel, but when bituminous coal 
is useil, as is sonietinies the practice in England and on the Continent 
(see page 23S), 2 to 3} i)er cent of its weight of tsr is produced. The air 
is forced into the blast-furnace from l>elow, and tnivels upward through 
a comparatively thick layer of incandescent fuel. The oxygen on coming 
into contact with the fuel is first converted into carlon dioxide, which on 
rising through the incandescent layer combines with more carl)on, fonning 
carbon monoxide. 3'he lieat generated volatilizes a certain amount of 
the bituminous coal in the up|)er layeis from which the tarry matters 
escafx' u neons limed. 

CRA(T\1N(; OF OIL VAPORS 

In manufacturing oil-gas, crude ix'troleum or a heavy distillate 
known as “ gius-oil ” is sprayed und(‘r more or less pressun* into a 
closed retort heati'd to ix‘dn<*NS. 3'his cause's the oil to decom|x>HO 
into a iK'rmancnt gas and from to 10 |K‘r (*ent by weight of oil-gas 
tar (see pag(‘ 200). The reaction, known as “cracking,” ix'sults in 
the breaking down of the hydrocarlxins presemt in the iH'troleum or 
gas oil into simpler substance.s. 

Water-gas is produced by the combustion of anthracite coal or coke 
in an atmosphere of steam (fiage 251)) according to the following 
reaction: 

€4-1120 = CO -f Hz. 

The gas consists theoretically of ecjual volumes of carl on monoxide 
and hydrogen. It burns with a non-luminous flame, and when intended 
for illuminating purposes must be enriched or “ carburettexi.’' The 
highly heated water-gas as it is generated, is accordingly mixed with a 
sprav of crude petroleum or gas oil, then passed into a carburettor in 
which the oil becomes vaporized, and finally through a superheater main- 
tained at a temperature sufficiently high to crack the oil vapors into 
permanent gases. From 2 to 10 for cent of tar is produced, based on 
the weight of the petroleum or gas-oil used. This tar is known as water- 
gas tar and is similar in its physical and chemical properties to oil- 
gas-tar (see page 262). 
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METHODS OF SEPARATING TARS 


The vapors resulting from the foregoing pyrogenic processes are 
treated to remove the tar and aqueous liquor by one or more of the follow- 
ing devices: 


(1) Condensers 

(2) Static Scrubbers 

(3) Mechanical Scrub})ei-s. . . 

(4) Deflectors 

(5) Filtei*s 

(6) Electrical Piecipitatoi's.. . 


Mere cooling 
In contact with liquids 

In contact with solids 

In contact with an electrical discharge 


Each tyjxi will now be doscril)ed separately: 

(1) Condensers. The function of a condenser is to cool the hot 
vapors by circulation in a closed system of pipes surrounded by air or 
water. The following represent the most important types: 

Hydraulic Main. This consists of a vertical metal pipe of liberal cross-section, 
cooled by the surroiinding air. It is used in the manufacture of coal gas, oil 
gas and coke (.s(*e pp. 230, 200). The vapors as 
they leave the retort arc pa.s.sed upward through 
the hydraulic main illu.st rated in Fig. .^>8, (lie top 
of which bends downward and dips into a closed 
trough partly lilled with water, which acts as a 
seal and wa.shes the vapors a.s they l)ubl»le through. 
This enaldcs any retort l)eing recharged or ropainal, 
and at the same time prevents the vapors gener- 
ated by the other retorts from escaping into the 
atmosphere Most of the ammonia i.s dKsolved 
in the water contained m the trough, and a large 
proportion of tlie tar condenses out. 

Air-condenaers. These are illustrated in Fig. 
59 'Fhc gases are circulated through vertical 
pipes alternately connecte<l at the too, and lead- 
ing into a closed chamber below seperated 
by partitions through whicrh water is slowly 

Fig. 58. — Hydraulic Main. allowed to circulate, which catches the hir and 
ammonia. 

Water-condensers. In these the vapors are p.^s-sed through a series of pipes 
around which water is allowed to circulate, as illustrated in Fig. 60. The cooling 
water from one compartment is passed through the next, in such a manner that 
the vapors and water travel in opposite directions. The ammoniacal liquor and 
the tar separate out at the liottom. In manufacturing coal g;is, the vapors after 
they leave the hydraulic! main, are passed through a device of this description, 
which serves to cool them to atmospheric temperature, and results in a more 
pomplete separation of tar, than is passible in the former. 
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(2) Static Scrubbers. Static scrubbers are stationary contnvancee 
through which water is causeti to circulate. They are classified into: 
rain, hurdle and baffle scrubbers. 

Hmn ScruhlHr.'< ('(insi.Ht of rhambers into which the kha is introduced 

at the l)o(tom and wa.'<ho<l witli jets of water impinKing against screens which serve 
to l>reak thorn into a fine spray, illusfrate<I in Fig. 01. I'his represents the sini|)lest 
form of shitic scnil)l>er and has l)een .su|>erse<Ietl by inort* oflicient tyiies, due to 
the very short time of contiict l)etween the vajKirs and the water. They are 
e.xcessively large and exfiensivc to ojK'rate, and there are apt to l»c “dead corners" 
as the gases rush tlirough. 

flunUc Scruhhirs. Those are Imilt in the form of a tower whose height is 
usually four tmios its diamotor, and sc'parated into compartments by |>erforated 



Fig. 59. — Air Condenser. 



Fi<;. tiO.- -VVatxT ('ondensc*r. 


shelves carrying coke (Fig (12), or in the case of the Zschwke flcrubl)er, woo<len 
slat.s stacked in alternate directions forming ii checker work (Fig. 'I'he func- 

tion of the coke or wooden .slats i.s to break up the jets of water introduced at 
the top and secure intimate contact with the vapors which pass in at the bottom 
and out at the top of the scrul>l)er. 'Fhe coke 8<*rubf)er is open to the objection 
that the interstices of the coke Ijcconie clogged with tar, and thus soon loses its 
efficiency. 

Baffle Scrubbers. 'Ibese are constructe<i w) the water is caused to flow from 
baffle to baffle in a zigzag direction, whereas the vajiors pass upwards, as shown 
m Fig. b4. Thi.s brings the va|K>rs into contact with a large surface of moving 
water, and at the same time prevents the formation of dead fiockets as is tbe 
case with some of the foregoing types. 
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(3) Mechanical Scrubbers. In this type part of the ineclmiiian 
is caused to revolve, and thus tiioroughly (K>niingle tJie water w'ith the 
vapors. They include the following: 

teld Centnfugnl Scridther. I he “Feld ('entnfugnl Serubl>er“ as illustrated in 
fiR. 65, is composed of a num()er of superitn|)ose<l chaiiiitcrs, each provided with a 
plurality of gas ports (a), and a series of inverted hollow, fnisturns of (ones (ft) 
mounted on a central vertical shaft, the outer cone having its tof> (Hwered. The 
wiishing )i(]Uor enters at the top and overflows from chainln'r to chunilier, part 
l)emg drawn off from each chamlier. The lower c*(lges of the conew dip into the 
liquid, and Ixjing revolved at a high s|>c<‘d, carry it up along the inner surfaces, 
to lie hurled off tangentially in a fine spray through |M‘rforations n(*ar the top 
of the outer cone A fK'rforated plate (c) inounti'd on the shaft in the dome, 
serves to .separate any Injuid entrained with the vu[)ora leaving Uic washer. This 





Fig. 65. — Feld Centrifugal Scruhher Scrul)l)er. 


ty|)c i.s very efficient and economical, and forms the b.asis of the Feld system for 
fractioning coal tar (.See p 216.) 

Heading ('entnfagal ScrubtHT. The Reading centrifugal scrublier, illustrated in 
Fig. 66, con.sists of two connecting compartiiientji (A and Ji) separated by a disc 
(C). Fach compartment came.s a set of rapidly revolving blades mounted on a 
horizontal shaft. Water is introduced through the easing at the iiottom and ehiimcd 
into a spray. The vajxirs are thrown against the casing wall by centrifugal force, 
and any particles of tar or dust retained by the liquid After the vapors are 
treated in chamber (A) they flow through an opening near the centre of the disc 
into chamlier (R), where they are treated in a similar manner, whereupon the 
cleansed vapors are drawm off through an aperture surrounding the shaft. 

Thieaen Centrifugal Scrubber. This consists of a rapidly revolving cylindrical 
drum, carrying on its penphery an oblique spiral vane, almost touching the siir- 
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rounding casing lined with wire netting, which serves to retain water in its meshes 
by capillarity. This washer is illustrated in Fig. G7. The vapors enter at (a) 
and are drawn through the spiral channel (fc) where they commingle with water 
sprayed through the tangential ojienings (c). The vapors pas.] .jut through the 
pipe (d), and the cleaning liquid at (c). The vapors are rapidly and thoroughly 
washed with comparatively little expenditure of power. 

Schwarz^Bayer Disintegrator. This is com|)oscd of a series of blades or vanes 
fastened concentrically to a cylindrical frame-work and revolving alternately in 
opposite directions (Fig. 68). The washing water, entering at (A), is broken up 
into a fine mist by the rapidly revolving vanes, and finally passes out at (J3). 
The vapors are introduced at the circumference (C’), being drawn off at the centre 
of the casing through (DD). 

(4) Deflectors. No water Is employed in thi? type of apparatus, 
which is generally used to supplement the scrubbers, and remove the 



last traces of tar from the vapors. They operate on the principle that when 
a rapidly moving sti-earn of vapor impinges ag.ainst an obstruction, which 
changes the direction of flow, the susjMmdcd tar is caused to condense. ' 

P. <t* A. Tar Extractor This constitutors one of the l)c.st known deflectors. It 
is popularly called the “P. k A. Type,’' after the inventors, Messrs. Pelouze 
and Audouin, and is ilIiLstrated in Fig. 69. The vajwrs are eau.sc<l to flow through 
narrow apertures in a series of {Mjrfonited metal cylinders mounteti coneentncully 
so that the apertures in one cylinder fall opiX)8ite the solid jwrtions of the adja- 
cent cylinders. The vapors are thus caused to assume a zig-zag travel, and their 
direction changed many times. This causes the tar to preeij)itiite out, and collect 
at the bottom of the extractor, where it is drawn off. By the chain and weights, 
the cylinders rise or fall in the liquid, exposing a greater or lesser surface as the 
volume of vapors increases or decreases. 

Centrifugal Deflector. This is illustrated in Fig. 70, and consists of two com- 
portments (1) and (2), connected by the orifice (3). The vapors enter at (4) 
and their velocity forces them tangentially against the inner surface of compart- 
ment (1), imparting a whirling motion to the current. When the vapors enter 
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compartment (2) they are caused to whirl in the opposite direction and leave 
at (6). The rapid change in motion coupled with centrifugal force causes the tar 
to separate and flow into the sumps (7) and (8). 

(5) Filters. Smith Tar Extractor. This represents the most successful 
type of filter, and is illustrated in Fig. 71. The pump (B) forces the vapors 
through a porous diaphragm (£), about i in. thick composed of spun 
glass-wool, supported between two metal screens. No tar is retained in 
the diaphragm, but in passing through, the fog coalesces into larger 

globules which on account of their 
greater size and weight can no longer be 
carried forward by the gas current, and 
accordingly settle out into a sump (G), 
whence it is drawn off from time to 
time. This extractor operates to best 
atlvantage on tars containing little to 
no free carbon. The temperature should 
be sufficient to maintain the tar in a 
liquid condition, and the pressure main- 
tained at 2| to 4 lbs. Since no water 
is employed, the separated tar contains 
less than 1 per cent, which is a decided 
advantage, and in addition practically 
every vestige of tar is removed from 
the vapors. 

Hoppers for Discharge ((j) Electiical PTecipitators. Cottrell 

Fia.72,-CoUrell Electrical ^his consists in subjecting the 

Precipitator. vapors to a “ silent ” or “ glow ” uni- 

directional electrical discharge of from 
15,000 to 50,000 volts, in the type of apparatus illustrated in Fig. 72. 
This method has also been described by Steers and others.^ The elec- 
trical current effectively breaks up tar fogs, but up to the present time 
the method has only been used in a limited way. 

METHODS OF DEHYDRATING TARS 

The tar separated from most of the foregoing processes carries more 
or less water, derived from the liquor normally associated with the tar 
vapors, as w’ell as any water introduced in the condensers, static and 
mechanical scrubbers, for cooling or cleansing purposes. When a large 

W. Soe. Chrm. Ind., 93, 1145, 1914. 
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amount of extraneous water is mixed with the (ar, most of it is first allowed 
to settle out by gnivity described in methoils (1) and (2) l)elow. 

The following devices are used for dehydrating tars: 

(1) Settling Tanks. The oldest method consists in storing the tar 
in large metal or masonry tanks for the double purj) 08 e of kei'ping a 
sufficient supply of tar on hand to enable the works to operate continu- 
ously, and also to allow as much as )K)S8ible of the entrained aqueous 
liquor to separate out. The li(|Uor being of a lower density than the tar, 
rises to the surface, whence it is <lrnwn off through a scries of small outlet 
cocks on the side. If the tar is sufficiently fiuid, a prolonged standing 
will allow much of the atpieous liquid to separate at ordinar>' tempemtures. 
On the other hand if the tar is viscous, the process can be facilitated 
by maintaining the tar at a moderate temi)erature by means of steam 
coils at the bottom of the tank. The latter are of six'cial importance 
in winter time, when the tar is very apt to decix'asc in fluidity, (las- 
works tars tix^ated in this manner still carry l)etween 4 and 10 i)er cent 
of water, cok('-oven tars l>otween 3 and 0 |H‘r cent and water-gas tars 
up to 40 [KT cent. 

(2) Baffle-plate Separator. Thi.^* apparatus is used for the continuous 
separation of tar from the large quantity of wasliing water introtluced 
in tlie condensers, static and 
mechanical scrubbers [na'lluxls 
(2) and (3). (pp. 175, 77).) The 
separator is ilhistrat(*(l diagra!n- 
matically in Fig. 73. The batlle 
plates (A) run from the top down 
to within a fool of the bottom 
and alternating with the.sc are 
dams (B) extending from within 
4 in. of the bottom to within 4 
in. of the water line. The path Fig. 73.— Baffle-Plate Tar iSeparator. 

of the water and tar is under 

the baffle plates .and over the dams, thus giving the latter an opportunity 
to settle out, and incidentally fonn a seal for the dams. The speed of flow 
is regulated so that the effluent is practically clear water, the tar being 
drawn off automatically through a syphon when it reaches the proper level. 

(3) Heating Quietly under Pressure. Refractory tars can very 
often be dehydrated by heating under pressure in a closed boiler. As 
the temperature ri.ses, the fluidity of the tar increases, enabling it to 
settle out more or less readily. The process is intermittent, and is not 
universally appficable. 
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(4) WUtOQ Process. This is a continuous process in which the tar 
is heated to 170 to 180^ C. at a pressure of about 30 lbs. per square inch. 
The temperature of the tar is regulated by the speed with which it is 
pumped through a coil in a furnace heated by coke. It is then released 
into a vapor-chamber at atmospheric pressure, whereupon the water 
and the light oils speedily evaporate, since they are maintained at a 
temperature considerably higher than their boiling-points. This is 
accompanied by copious frothing in consequence of the fact that each 
volume of water at its boiling-point (100° C.) becomes converted into 
1640 volumes of steam. The resulting vapors are condensed to recover 
the light oils. The dehydrated tar is passed through an economizer 
which utilizes the heat in preheating the crude tar.' 

(5) Heating a Thin Stream under Vacuum. This is also a con- 
tinuous process and one of the most successful ones for dehydrating tars. 
The crude tar is allowed to flow to a thin stream over steam coils or heated 
baffle-plates in a closed vessel maintained under a moderate vacuum. 
The tar is allowed to run into the vessel, and then removed by a pump 
which at the same time maintains the vacuum. The vapors are con- 
densed to recover the light oil. An apparatus of this kind will treat about 
60,000 gallons of tar in 24 hours reducing the water to less than 0.5 per 
cent.* 

(6) Centrifugal Method. This method is also continuous, and has 
been used with more or less success abix)ad. The tar is first heatetl to a 

temperature of 40 to 50° C. and run 
into the rapidly revolving drum of a 
centrifugal separator, illustrated in 
Fig. 74. The tar being heavier than 
the water is forced to the periphery, 
the water forming a cylindrical layer 
inside. An annular diaphragm (A) 
attached to the upper part of the 
centrifugal has a ring of perforations 
where it comes in contact with the 
drum at (B). The crude tar is intro- 
Fio. 74.— Centrifugal Tar Dehydrator, duced through the pipe (C) below the 

diaphragm. The speed with which 
the drum revolves causes the tar to flow through the perforations into 
the upper portion of the centrifugal, where it is removed through the 

*0. a. W«bb, Bno> Ntvt, U. 100. 1912; /. Oat Ughtinc, 114, 505. 1013; Oa$ World, M, 
9M, 191S; E. V. Chiuabera. Am, Oat Light lOt. 389. 1010; A. £. Mottrtm. Gat IIT. 
404, 1917. 

tB. P. Pwqr, 8tb Inim. Cong. AppUed Chem., 10. 243. 1013. 
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pipe (D). The water is drawn off through (E) below the diaphragm, 
which bars its passage into the upper section. This method is 
particularly suited for treating tars having approximately the same 
specific gravity as water, as for example water-gas tar. The centrifugal 
is revolved at a speed between 2000 and 3000 revolutions per minute. 
Tars containing between 30 and 90 per cent of water will have the 
percentage retluced to less than 1 per cent in one treatment. A large 
portion of the free carbon contained in the tars is also removed, and 
affixes itself to the inner walla of the drum from which it n'.ust he scraped 
occasionally.* 

(7) Electrical Method. This methotl has only been worked out ex- 
perimentally, and consists in passing the tar Ijctween elcH'trodes charged 
with a high potential current. This causes the particles of water to 
coalesce, so that they will separate out readily on subjecting the tar to a 
temperature of 80° 

(8) Feld System of Fractional Cooling. This process also results in 
the production of dehydratal products. The method will be described 
in detail on pjigo 24t). 

> Am. Gat L*ohi J , lOf, 340, 1015 

UI H PatH 1,I1(}.200. Nov .3, 1014, 1,142.750. 1.142.7AO, and 1.142.761 o( JuM 8, lOtS, 
all to R K I-a«rd ami J H Ran^'y 
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WOOD TAR, WOOD-TAR PITCH AND ROSIN PITCH 

WOOD TAR AND WOOD-TAR PITCH 

This chapter will deal with the treatment of wood, cither by destruc- 
tive distillation, or by a combination of steam and destructive distillation.' 
The treatment of resinous woods by the steam distillation process alone, 
for the recovery of turpentine and other oils, does not fall within the 
scope of the present treatise. 

Varities of Wood Used. From the standpoint of destructive distilla- 
tion, woods may be divided into two classes, viz.: 

Hard Woods, including the maple, birch, beech, oak, poplar, elm, 
willow, aspen, alder, ash, hickory, chestnut and eucalyptus. 

Resinous or Soft Woods, including the pine, fir, cedar, cypress, spruce, 
hemlock, larch or tamarack. 

The trees from which hard woods are obttiined are known as " broad- 
leaved or “ deciduous trees,’' and those producing resinous- or soft- 
woods are termed “ coniferous trees " or “ evergreens.” Soft woods 
are distinguished from hard woods principally in that the former contain 
larger quantities of turpentine and resin. The distillation of hard wood 
aims at the recovery of wood al(‘ohol, acetates, tar and charcoal, whereas 
the distillation of resinous wood (.soft wood) is directed to the recovery of 
turpntine, wood oils, tar and charcoal. 

In the wood-distilling industry the basis of measurement is a cord, 
which is taken to equal 90 cu. ft. of the closely stacked wood containing 
15 per cent of moistuie. The weight of a cord varies with different kinds 
of wood, from about 1700 lbs. in the case of white pine and poplar, to 
about 4000 lbs. in the case of oak. 

‘"Chomical Methods of Ufdmng Wood," by F. P Veitch, Circular 36, U. S Dept. Agr , 
Bureau of Chem , Wash,, D C, Aug 20, 1907; "Wood Used for Distillation in 1906," Forest 
Service Circular No. 121, U S Dept. Agr , Wash, D. C , Dee. 6, 1907; "Wood Distillation," 
by W. C Cwr, Forest St'rvice Circular No. 14, U S. Dept. Agr , Wash, D C, Nov I90<, 
"Wood Turpentine, Its Production, Itehning, Properties and Uses," Circular No 144, U S Dept 
Agr, Bureau of Chcnii.Htry , Wash, 1) C, 1912; "Yields from the Destructive Distillation of 
Certain Hardwoods," by Hanley and Palmer, Bull No 129, U S Dept Agr. Wash, I) C, 
Sept. 10, 1914; "Yields from the Destructive Distillation of Certain Hardwood.s," by R C Palmer, 
Bull. No. 608, U. 8. Dept Agr, Wash , D. C , March 6, 1917; "The Distillation of Wood,” by J 
C. Lawrence, J. Soc. Chfft. Ind , 6T., 87, 1918. "The Influence of Moisture on the Yield of Products 
in the Destructive DiatiUation of Hardwood," by R. C. Palmer and H. Cloukey, J. Ind. Chem , 10, 
262 , 1918 . 


184 



WOOD TAH, W(X)IVrAH FIT('H AND KOSIN FHX'H 


185 


For purjx)ses of destructive distillation, the wood should W ns dry 
as possible, as during the pro<‘ess all the moist uit* must l)e evajx)rated 
before the woo<l decom|)oses. The smaller the i)er(‘entage of moisture 
contaiiKHl in the wood, the more mpid the distillation pi'ocess and the 
smaller the quantity of fuel rtHjuired. It is adviwiblo therefon*, to cut 
and stack the green wood containing 20 to 50 |)er cent of moisture fmm 
0 months to 2 years, during which the moisture content will fall to l>etween 
12 and 25 |)er cent. 

Yields of Distillation, 'bhe following figures will give a general idea 
of the average yields upon distilling a cord of the n‘Sj)octive classes of 
wO(kI. 
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Hard-Wood Distillation. 'I'he following figures show tin* yields of tiir 
and charcoal from the various hard wchhIs in jK'rcentagc*, based on the 
dry weight of the material.’ 



'riir. 

( 'liarcufil, 


I’l r Cl lit 

J'er (Viii 

Mickury 

1 \ 0 

37 7 

Maple 

12 K 

40 (\ 

Hirdi 

12 0 

40 f, 

H.ccli 

U t 

41 9 

Oak 

7 H 

4') 7 

('hciMttiut j 

4 (f 
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In the United States, tlie principal centres for hard wood distillation 
arc in the States of Pennsylvania, New York and Michigan. Soft wckkI 
distillation is carried on largely in the States of Florida, Georgia, North 
and South (’arolina and Alabama. 

The crude jiroduefis of the distillation of hard woo<l may lie groufied 


into four chisst's, viz.: 

(1) Non-fondfnuttlile saw's ..... 2a 30% 

(2) Aqui'ous dixtillati? (crude pyrolisneoua arid) , 30 rA)% 

f3) Turpi'nline, worxl mix, and wikkI tar 20% 

(4) Charcual 20 4.'i% 


‘See al(M» Table 5. p 7, Bull 50K, V 8 Dept Agncultiire. Waah , D C, March fi, 1917. 
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When hard wood is heated in a retort, water passes off below 150® C. 
after which decomposition sets in. With soft (resinous) wood, tur- 
pentine and water commence to distil between 90 and HX)® C. and con- 
tinue to 150® C., whereupon products of destructive distillation pass over. 
The distillation process is practically complete at 430° C’. In the case of 
hard wood, the first series of products which pass over (between 150 to 
280® C.) include acetic acid, methyl alcohol and wood creosote; the 
second series (280 to 350® C\) consist of non-condensable gases (about 
53 per cent of carbon dioxide, 38 per cent of carbon monoxide, 6 per cent 

of methane, 3 per cent of nitrogen, 
etc.); the third series (350 to 
400® C.) are comi)Osed of f-olid 
hydrocarl)Ons and their deriva- 
tives. The yields of methyl al(‘o- 
hol and a(!Ctic acid increase with a 
rise of tcm[x*rature up to 300® C. 
beyond which they decrease, and 
moreover the recovery is greater 
when the wood is heated slowly, 
than when the distillation is forced 
In distilling hard woods large 
rectangular iro.\ retorts are used, 
measuring 6 ft. in width, 7 ft. 
high and either 27 or 50 ft. long, depending upon whether they are 
intended to hold 2 or 4 carloads. The retorts are set in brick work, 
and provided with large air-tight iron dooi’S at the ends. The wootl is 
loaded on small iron cars holding between 1 and 3 cords each (Fig. 75) 
which are run on tracks directly into the retorts. 

The arrangement of a modern wood-distilling plant is shoun in Fig. 
76; where .4 represents a car; the retort; (\ first cooler; />, 
second cooler; A’, the acetate drying floor; u, condensers; />, liquor 
trough; c, gas main to lH)ilei’s; /, fuel conveyor; w, fire-place; n, ash 
pit; 0 , hinged spout to deliv<‘r fuel from / to m. After the retort 
is charged, the doors are closed and heat applied slowly, either by 
burning the non-condensable gas(\s resulting from the distillation 
process, or by atomizing the tar underneath the retort with a jet of 
steam. Unless the gases are stored in a gas-holder, the process is 
is started by burning a small amount of wood on an auxiliary grate 
beneath the retort. 

The vapors from the retort is passed through condensers, where the 
pyroligneous acid, alcohol and other condensable constituents arc recov- 


Fio. 76. — Iron Cara Used in the Di.'^tillation 
of Hardwood. 



\N(X)I) TAH. \V(K)1)-TAH AM) HOSIN PI'IX'H 
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orotl. Those are convoyod to largo settling tanks, and allowotl to rest 
quietly until the tar setth^s out. 

The distillation process eontiiuies from 20 to TO hours whereupon 
the tires an- extinguished and the n-tori allowed t(» ((K)!. The small 




iron cars now carrying charcoal are (pii<*kly run from the n-tort into 
large iron coolers, similar in .size and shaiK* to the retort it-w'lf, and the 
doors are (To.s(*d to prevent access of air. 

The general arrangement of a refining plant is shown in Fig. 77, 
where A 1-2 represents the raw liquor vats, B 1-0 reprewtmt the raw 
liquor .st-ttling tanks, C 1 the tar still, r 2-3 the raw liquor still, D 1-2 
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the neutralizing vat, E 1-3 the lime-lee stills, ¥ 1-3 the alcohol stills, G 
the weak alcohol storage tank and H the strong alcohol storage tank. 
Table XVI shows a diagrammatic outline of the products obtained upon 
distilling hard wood, and refining its distillates. 


Hahd W« 03 
Dinttlli'd Destructively 


Non condeiinable (Jiisoa 
(Burned under retort) 


Cotidetisabi'* Distillate 
Kepunited by settliiiR into 


Charcoal Residue 


Crude Aqiicoiifl portion 
Separuted by distillation into 


DiRtillate, known as 
‘‘Pyroligneous acid"*- 


Neutralised with luno and distillod 


Tarry Hesiduo 

I m — 


Distillate composed of 
crude dilute wood 
alcohol containing 
aoctoiio Ueclified 
into 


. I 

1 1 


I 

Residue composed of crude 
acetate of lirnc Converted 
by roasting into gray acetate 
of lime Then treated by 
one of the following niethmlH 

I 


(1) 


(?) 


Acetone Wood alcohol Disitih'd with Converted into 
Sulphuric acid Other acetates 


i 

Raw Tar 
Distilled into; 

I 

I 1 

Distillate of Residue of 
" — ^ (cetic Acid Boiled Tar 
+ RedistilliMl 


I 


i 

I.ight oil 


1 1 
Heavy oil Ttr-sidue of 

Wood-tar pitch 




Distilled at a high 
temperature alone 


1 I 

Distillate of Residue of 
Acetone Calcium 

Sulphate 


I 

Other 

Acetates 


i 

Light 

Acetone 

Oils 


i i 

Heavy Residue of 
Acetone Calcium 
Oils Carbonab* 


After the pyroligneous acid ’and tJir have l)een separated by settling, 
the crude products are distilled independently to recover any pyroligne- 
ous acid from the crude tar, and convei'sely, any tar i-etainetl by the 
crude pyroligneous acid (dissolved in the alcohol and acetone present). 
The dehydrated t-ar, known as “ boiled tar ” or " retort tar,” amounting 
to between 3 and 10 per cent of the weight of the wood, may be utilized 
in one of the following ways: 

(1) It may be sold as such, and used for preserving wood. 

(2) It may be burned under the retorts as fuel. 

(3) It may be subjected to fractional distillation to recover the 
light oils boiling below 150® C., heavy oils lx)iling l)etween 160 and 240® 
C., and the residual pitch constituting between 50 and 65 per cent by 
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weight of the tar. The light oils arc used i\s solvents in nianiifacturing 
vainish, and the heavy oils after further I'chning are marketed as commer- 
cial wood creosote which finds a sphere of usefulness as a disinfectant, 
preservative,' and flotation oil (p. 45fi). 

The combined liquon containinR ucetic acid, methyl alcohol, and acetone are 
neutmlizod with lime, and re-distillenl in the “lime-lee still.’* In this manner, 
the al(‘ohol, acetone and ketones pass over, where.as the acetic acid remains in 
the still coml)inc<l with the lime (calcium acetate) and contaminated with a small 
projKirtion of tarry matter 'the residue containing from (>5 to |)er cent of 
pure acetate of lime is known commercially as “brown acetate of lime." 'I'he 
distillate is fractioned in a column still to separate the pure wooil alcohol and 
acetone from the water and other inifMirilies present (ketones, etc ). 

Brown acetate of lime is first roitsted at 2.10" (' to decomiiose any t.’irry matters 
It may then lie distille<i with sulphuric acid to pnxluce commercial acetic acid, 
which ifl recovered a.s distillate; or it may lie converted into aluminium, chromium, 
copjier, lead or sodium acetate; or it may otherwisi- Ik» distilknl id«>ie in an iron 
retort, whereu|>on acetone is first obtaineil, and followed at 4(K)“ C by the “ace- 
tone oils” (light acetone oil lioils l>etwe<‘n Tri and l.‘K)° (‘ , and heavy luelonc 
oil between IdO and J-W" (' ). 

Soft (Resinous) Wood Distillation. In treating soft wtxxi (resinous 
wofnl) a (lifTerent nietluKl i.s 
followed. Iron or steel retorts 
varying in eapaeity from ()ii(‘ to 
four cords are u.sial, eon.struet(‘d 
eitlier vertically or horizontally, 

Its shown in Pig. 7S. Lo\\-pr(‘ssure 
sujX'rheated steam, or saturated 
steam under high pmssure is m- 
Inxluced into the retort to re- 
move the turpentine, and then the 

v<.lalilc oils (known its “ heavy rs.-RHort. for Distilling Soft Wood, 

oils”), leaving a residue of coke 

Ixjhind. Thret; cla.sses of resinous wood are used for the purfx)se: 

(1) “Light wood” contJiining comparatively large quantities of 
turpentine. 

(2) “ Stumps ” which also contain more or less tui 7 )entine. 

(3) Saw-mill waste which i.s rather poor in turpentine. 

The wood is first “ hogged,” or in other words cut into chips before 
it is introduced into the retort. The temperature is niised gradually 
to 200® C. as the steam passes through the retort. Water and crude 
turpentine distil over first and are separated by settling. As the tempera- 
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ture rises al)Ove 200 to 220® C. the wood commences to decompose into 
tarry substances, and at about 250° C. the resins present break up into 
** rosin spirits ” and " rosin oils.’^ Both the crude turpentine and the 
heavy oils are redistilled separately, the former producing purified wood 
turpentine and the latter pine oil, rosin oil and pitch. Rosin spirits 
boils between 80 and 200° C., pine oil between 190 and 240° C., and 
rosin oil between 225 and 400° C. 

In some cases the light wood is subjected to a process of destructive 
distillation without using steam. The temperature is raised slowly and 
the distillate under 200° C. caught separately to avoid contamination 
with tarry matters. After the temperature rises above 200° C., the 
process follows the same course as for hard- wood distillation. The 
distillate under 200° C. is fractioned into light and heavy oils respectively. 
The light oil ij in turn redistilled to recover the rosin spirits, wood tur- 
pentine and a part of the pine oil. The heavy oil is similarly redistilled 
to separate the pine oil, rosin oil and a part of the pitch. The crude 
tar obtained above 200° C. is distilled to recover any acetic acid, and 
the residue either marketed as “ pine tar '' or distilled to separate the light 
and heavy oils from the pine-tar pitch obtained Jis residue. This process 
is illustrated diagrammatically in Table XVII. 

TAni.r: xvii 

I.mHT Wood (Pink on Hkhinoitw Woodh) 

Steam distilled up to 20C® C, nnd then dintilled de-stnietively 

1 

Water Below C. Above C 

Condensable Distillate lledistilled into- Destrnrtno disfi lation occurs 

I _ _ L 

i 1 r ! 1 

Light oils Hea^y oils Non-condensable CondeiiMable Charcoal 

(Fractioned) (Fractioned) gawH Distillate Residue 

l" I I ill Treated the same as in 

Rosin Wood Part oi Balance of Rosin Pine-tar Hard word distillation 
Spiritr Turpentine Pine oil Pine oil oils pitch fuble XVI) 

Pine tar is also marketed under the name ** Stockholm tar,” and 
contains a certain proportion of rosin. 

Wood Tars. The bituminous products derived from the dc.structive 
distillation of wood are designated commercially as hard- wood tar, 
pine tar, hard-wood-tar pitch and pine-tar pitch. 

The physical and chemical characteristics of the tars and correspond- 
ing pitches vary, depending upon the kind of wood used, as well as the 
exact method of treatment* The following figures will give a general 
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idea of the characteristics of the dehydrated hard- wood tar and pine tar 
ordinairily encountered in the American market: 


(Twt 1) 

Color in mass . . . 

Hard-u'ood Tar 

HlacL 

Pihf tar {from 
Rtnuout U'laafs) 
Brownish 

(Test 7) 

Specific KFftMty at 77* F 

1 10 1 20 

1 05 1 10 

(Test 8) 

\’i8cosity 

Fairly liquid 

Viscous 

(Test 9) 

Consistency at 77* F. 

I.Kpiid 

I.iquul 

(Test 13) 

Odor on heating 

Characteristic 

Characterialio 

(Test 15) 

Fusing-point 

Below 20* F. 

Below 50* F. 

(Test 16) 

Volatile matter at 500° F , 4 hrs 

. 3.%-4M)^^ 

40 76*:;. 

(Test 17a) 

Flash-point 

50-75° F 

(MV IKI" F. 

(Test 19) 

Fixed carbon 

5-20''; 

5-15'’;. 

(Test 21a) Solubility iti earlKtn ilistilpliide 

9.V lOOCc 

08 100% 

(Test 216) 

Non-mineral matter insoluble 

0-5'*; 

0 2% 

(Test 21f) 

Miner al matter 

0-1% 

0-1% 

(Test 22) 

Carbones 

0 2'’;. 

0 2% 

(Test 23) 

Solubility in 88° naphtha 

50 OOT'o 

65-95%, 

(Test 24) 

Solubility in absolute alcohol 

.Mniont complete 

Almost compleU) 


Solubility m glacial acetic acid 

Almost complete 

Almost complete 


Solubility in acetic anhydride 

Almost complete 

Almost complete 

(Test 28) 

Sulphur 

0 O' ; 

0 0'^. 

(Test 30) 

Oxygon 

2 lO' i 

5 107o 

(Test 32) 

Nuphthiilenc . 

None 

None 

(Test 33) 

Paraffine 

None 

None 

(Test 35) 

Sulphonation residue 

Trace to 5% 

Trace to 5% 

(Test 37) 

Saponifiable constituents 

5 25''; 

10 SOCf 

(Test 37a) 

Resin acids 

\ p 1.. 1.5':; 

I p to 30% 

(Test 41) 

Oiazo real turn 

5 es 

Yea 

(Test 42) 

AnthraM'iinonc reaction 

No 

No 

(Test 43) 

1 lelicrmann-Storch reaction 

> es 

Ym 


ArcordinK to Holcle,* on shakinf? woo<l tar with water, the aqueouB extract 
will react acid (due to the acetic acid present), and ui>on addinK a few dropw of 
feme chloride, will at first form a green and then a hrownish-green coloration. 
On subjecting wood tar to di.st dial ion, the first iiortion passing over shows a sefi- 
aration of water which will react acid. On continuing the distillation, oily matters 
are obtained dis.solving readily in aholiol, and which on treatment with concen- 
trated sulphuric acid Income conv’crted into water-whildc substani^es. Pine tar 
has a high acid value, since it often contains aa much as liO ixt cent by weight 
of resin acids. 

Wood-tar Pitches— Hard-wood-tar pitch and pine-Ur pitch vary in 
their physical properties, dcpcridinp upon the following circumstances: 

(1) The variety of wood used. 

(2) The method by which the wood is distilled, including the tem- 
perature, its duration, the kind of retort, etc. 

(3) The extent to which the tar is distilled in prrxlucing the pitch. 
The further it is distilled, the harder the pitch and the higher its fusing- 
point. 

They comply with the following characteristics: 

r'tJnUrsuchung dey KohlenwaMcmtofffik und p. 2W. Berlin. 1913. 
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(Teat 1) 

Color in mass 

Hardumd-lar 

Pitch 

.. Black 

Pine-tar Pitch 
(from Resinous 
Wood) ' 

Brownish black 

(TeH 2) 

Homogeneity 

. . Uniform 

Uniform 

(Teat 4) 

Fracture 

. . Conchoidal 

Conchoidal 

(Test 5) 

Lustre 

. Bright to dull 

Bright to dull 

(Test 6) 

Streak 

Brown to black 

Brown 

(Test 7) 

Specific gravity at 77* F 

. 1.20-1 30 

1.10-1.15 

(Test 9c) 

Consistency at 77* F 

.. 10-100 

10-100 

(Test 9(f) 

Susceptibility factor 

. >100 

>100 

(Teat 10) 

Ductility 

. . Variable 

Variable 

(Test 13) 

Odor on heating 

Characteristic 

Characteristie 

(Teat 15a) 

Fusing-point (K. and S. method).. . 

.. 100-200® F, 

10(>-200®F. 

(Test 16) 

Volatile matter 

Variable 


(Test 19) 

Fixed carbon . . . . 

., 1.5-36% 

10-25% 

(Test 21a) 

Soluble in carbon disulphide 

. 30-96% 

40-95% 

(Test 216) 

Non-mineral matter insoluble 

. . 15-70% 

2-60% 

(Test 21e) 

Mineral matter 

0-1% 

0-1% 

(Test 22) 

Carbenes 

2-10% 

0-5% 

(Test 23) 

Solubility in 88* napbtho . 

.. 15-50% 

26-80% 

(Test 28) 

Sulphur 

.. 0% 

0% 

(Test 30) 

Oxygen in non-mineral matt r 

. . 1-5% 

2-8% 

(Test 32) 

Naphthalene 

. . None 

None 

(Test 33) 

Parafl9ne 

. None 

None 

(Test 35) 

Sulphonation residue 

.. 0-.5% 

0-3% 

(Test 37) 

Saponifiable constituents 

5- 25% 

10-40% 

(Test 37c) 

Resin acids 

Fp to 20% 

Ifp to 40% 

(Test 41) 

Diaso reaction 

.. Yes 

Yes 

(Test 42) 

Anthraquinoi.e reaction 

.. No 

No 

(Test 43) 

Lieberniann-Storch reaction 

.. Yes 

Yes 


A representative sample of harclwood-tar pitch tested by the author 
showed: 


(Twt 9c) HardneM at 115* F 39 

Hardness at 77* F 53 I 

Hardness at 32* F Greotcr than 150 

(Test 9d) Susceptibility factor. . Greater than 100 

(Test 105) Ductility at 115* F. . . . 4I 

Ductility at 77* F 50.5 

Ductility at 32* F 0 

(Test 11) Tensile strength at 115“ F 0.3 

Tensile strength at 77“ F 21 

Tensile strength at 32* F. . 12 0 

(Test 15o) Fusing'point (K. and S. method) 123“ F. 

(Test 21a) Soluble in carbon disulphide .... ... . , . 62 7% 

(Test 23) Soluble in 88* naphtha ... 25.3% 

A sample of pine-tar pitch tested by Church and Weiss* showed: 

(Test 7) Spacifie gravity at 77* F 1 13 

(Tost 96) Penetration at 116* F Too soft 

Penetration at 77* F 41 

Penetration at 32* F 3 

(Test 15c) Fusing-point (cube method) 127* F. 

(Teat 19) Fixed carbon 19.9% 

(Teat 2I41) Soluble in carbon disulphide 95.4% 

(Test 216) Non-mineral matter insolublo 4.5% 

(Tsst21e) Mineral matter 0.1% 

(Teat 22) Carbeivea 6 6^ 

(Teat 24) Soluble In bensol 92.2% 


l**9ome Experiments on Technical Bitumora,” Prpe. Am. Soe. TxtHng MtUeriaU, If, 278, 1915, 
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According to ^nson and Davis,* wood-tar pitches are more soluble in acetone 
than in carbon disulphide. Thus, hard-wood-tar pitches were found to be 16,6- 
31.9 per cent more soluble in acetone than in carbon disulphide, and pine-tar* pitches 
(obtained from the Douglas fir) 8.0 to 57.8 per cent more soluble in the former 
solvent. 

Wood-tar pitches are characterized by their extreme susceptibility 
to changes in temperature, by the fact that they appear hard and at the 
same time show a surprisingly low fusing-point.^ Wood-tar pitches are 
notoriously non-weatherproof. They are extremely susceptible to oxida- 
tion on exposure to the weather and soon converted into a lifeless and 
pulverent mass. Pine-tar pitch contains more or less resin, and accord- 
ing to Holde, shows an acid value greater than 57. 

ROSIN PITCH 

The sap of the long-leaf pine, known chemically as an oleo-resin, is 
composed of a mixture of spirits of turixuitine and rosin. It is gathered 
by cutting into the bark one-half to one inch, whereupon the oleo-resin 
slowly exudes and is collected in small cups, of which var’ous ty|)es are 
in use. 

Tb'!) oleo-resin is then distilled to separate the spirits of turpentine 
from the rosin. The apparatus ordinarily used in the United States 



Fia. 79.— Retort for Distilling Rosin. 


for this purpose is shown in Fig. 79, consisting of a simple type of copper 
still with a “ worm ” condenser. The capacity of the still varies from 
10 to 40 barrels at the outside, and usually Ijctwccn 15 and 20. After 
the still is charged, the fire is started, and a mixture of spirits of turpen- 
tine and water (since the oleo-resin contains between 5 and 10 per cent 

»“The Free Carbon of Wood-tar Pitche*,” J. /nd, Fiw. Chtm , f, 141, 1917. 

‘“Examination of Aiphalta," by E. Donath and B. M. Marfowrbe.. Chtm. Ind., IT. 390. 
1904; “Behavior of Wood-tar Pitch with Certain Organic Polvenw. ' B. M. Margoiche#, CAcm. 
Ret. FHl-Hart-Ind., IS, 6, 190A: “Diftinctioa between Lignite Pitch and Other Pitchea,*' by 
E. Graefe, Ckem. Xnt., SO. 398. 1906. 
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of water) appears in the condenser. When all the water has boiled over, 
additional quantities are added in a small stream during the distillation, 
since the introduction of water causes the turpentine to boil at a lower 
temperature and prevents overheating, improving both the colors and 
yields of the turpentine and rosin. Towards the end of the distillation 
the stream of water is shut off, and the rosin heated until all the moisture 
is expelled, usually between 300 and 400® F. Before cooling, any foreign 
matter is skimmed off the surface of the rosin, after which it is strained 
through a fine mesh screen and barreled.^ 

Rosin deprived of its turpentine, when heated in a closed retort will 
undergo destructive distillation, yielding a gas, an aqueous liquor and 
an oily distillate which may be separated into several fractions. If 
the process is carried to completion, coke will be left as residue. If the 
distillation is tenninated before the formation of coke, a pitchy residue 
will remain, known commercially as “ rosin pitch.’^ 

The rosin may be distilled either with or without superheated steam. 
If the latter is employed, the quality of the distillate is improved, and a 
much better temperature control obtained. Distillation under vacuum 
is also used in many cases. The rosin n)ay accordingly be destructively 
distilled by any of the following processes: 

(1) At atmospheric pressure without steam. 

(2) With superheated steam. 

(3) Under vacuum. 

When the temperature of the rosin reaches 150® C. a liquid distillate 
appears which separates into two layers, the lower containing acetic 
acid, also other organic acids dissolved in water, and the upper composed 
of oily substances known as “ rosin spirit or “ pinoline.” When the 
temperature reaches 200® C. the receiver is changed, and the distillate 
which ensues is either collected together or separated into fractions. 
The temperature of the residue in the retort is permitted to reach 350 
to 360® C. but never to exceed the latter. The fraction between 200 and 
360® C. known as “ rosin oil,” may be separated into various portions 
termed ” yellow rosin oil,” ” blue rosin oil,” “ green rosin oil,” etc., 
depending upon their respective colors. 

In distilling rosin destructively at atmospheric pressure, the following 
products are separated: 


Non*oondenBable ganeit 9 0% 

Acid Uqtjor 3 5% 

Roflln spirits or pinoline 3 5% 

Rosin oil 67 0% 

Rosin pitch 16.0% 

Loss (rosin adhering to walls of still, etc.) 10% 


> Bulletin No. 220. U. S. Dept, of Agr., Wash.. D. C., July 28, 1915. 
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According to Victor Schweizer,* when rosin is distilled with super- 
heated steam, the following yields are obtained: 


Acid liquor. . . . 
Rosin spirits. 
Blue rosin oil 
Brown rosin oil 
Rosin pitch. . . 


... 55 - 58 % 

■ . 11 2^-12 0 % 
49 0 50 5% 

. . 10 25 10 65% 

. . 18 0 - 19 0% 


The rosin pitch is run from the still while it is hot, and allowed to 
cool in a suitable receiver. It is fairly uniform in composition and con- 
forms with the following characteristics: 


(Tost 1) Coloi in mass 
(Tost 2) Honu>K“noity 
(Tost 4, Fraoturo 
(Tost 5) I.ustro 
(Tost 6) Streak 

(Test 7) Sponfio irra\ily at 77® F 
(Tost Or) Conaistoiioy at 77® F 
(Tost \hl) Susceptibility factor 
(Tost lOr) Ductility at 77° F 
(Test H«) Behavior on melliii|{ 


(Tost 15rt) Fusing-point (K and S inotlKxl) 

(Test 1(5) Volatile matter, .'’lOO® F , 5 lirs 

(Test 17) Flash-point 

(Tost 19) Fixed carbon 

(Tost 2 In) Soluble in carbon di.sulpbide 

(Te.st 215) Non-mineral matter uisolubli 

(Test 21 f) Mineral matter 

(Test 22) Carbenes. 

(Test 2.'{) Solubility in 88° naphtha 
(Test 28) Sulphur 

(Test .'10) Oxygen in non-niineral matter 

(Tost S.*)) Paraffine 

(Test 35) Sulphonation residue 
(Test 37) Saponifiablo ennstituents 
(Test 11) Diaxo reaction 
(Test 42) Anthrn(|innone reu< tioii 
(Test 43) I.iebermann-Stor< h reaction 


Black 

I'mlorm 

('onohoidal 

Dull 

I.ight yellow to 
brown 
1 08 1 15 
.50 100 

(Ircator than 100 
0 

Passes rapidly from 
the solid to th« 
liquid state 
120 200° F 
10 18% 

Above J.W* F. 

10 20 % 

98 100% 

0 2 % 

0 1 % 

0 5%, 

90 100% 

0 0 % 

5 10% 

0 0 % 

0 5% 

25 95% 

Ye« 

No 


Uo.sin pitch is very niucli like rosin in its physical properties. It is 
extremely susceptible to temperature changes, and as ordinarily pro- 
ducetl, i.s hard and friable at 77® F. It is characterized by the presence 
of considerable quantities of unalteretl resin acids (10 to 45 per cent), 
and is free from fatty acids, gljTcrol, sulphur and paraffine. It with- 
stands weathering very poorly, and has therefore but a limited use. 
Upon being heated, it passes rapidly from the solid to the liquid state, 
forming a melt of low visco.sity. 

‘"The Diatillation of Reaiiui,” p. 59. New York. 
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** Burgundy pitch" is the name applied to the oleo-resin which exudes from 
the Norway spruce {Abies excelsa), found in the Vosges Mountains and in the 
Alps; also from a species of pine obtained in the United States {Pinus australis). 
The crude oleo-resin is melted by boiling with water, and strained to remove any 
particles of bark or other impurities. It then constitutes the so-called ‘‘Burgundy 
pitch” {Pix abielina), sometimes marketed under the name ‘‘Vosges pitch.” These 
terms are misnomers, since the material is not a true “ pitch,” but in reality an oleo- 
resin. It contains more or less spirits of turpentine, which escaped expulsion during 
the boiling process, and a quantity of emulsified water imparting to it an opaque, 
yellowish-brown color. In consistency it is a more or less brittle solid, largely 
susceptible to temperature changes. In summer it softens and gradually flows, 
and in winter it appears very hard and brittle. It melts easily, decrepitating 
because of the water present, and has a strong odor because of the the associated 
spirits of turpentine. On aging it loses its opacity, due to evaporation of the emulsi- 
fied water, and turns first to a translucent, and then to a transparent brown color, 
similar to that of rosin. Its composition is substantially the same as rosin, contain- 
ing in addition, spirits of turpentine and emulsified water. 



CHAPTER XV 


PEAT AND LIGNITE TARS AND PITCHES 

PEAT TAR AND PEAT-TAR PITCH 

As previously stated (p. 50), peat is derived from the decom- 
position of vegetable matter in swampy places, such as mamhes and boj^s. 
On the surface we find the growing miuatic plants; somewhat dwper 
we find their decayed remains; aiul still d(‘e|K‘r a dark coIoixhI pasty 
substance from which the vegetable structuix' has largely disiippeartnl, 
containing a substantial percentage of moisture and constituting the 
crude ixiat. The plants which result in the formation of these deposits 
are mainly aquatic, including marine grasses, reeds, rushes, hedgers and 
various mosses. The transformation is caused partly by oxidation in 
the presence of moisture, and also to some extent by the action of cer- 
tain fonns of bacteria, moulds and fungi. As the mass of jwit builds 
up in thickness, the lower layers are first compacted upon Ix'ing subjected 
to pressure, and then gradually carbonized. The essentiiil condition to 
I)eat formation is that the vegetable remains shall be dej) 08 ited at a 
rate exceeding that of their decomf)Osition. This does i.ot prove to be 
the case in very warm climates, where the remains aiv entirely deconipose<l. 
The organic matter should only be partly decomi)OS(‘d, an<l since the prod- 
uct.s of partial decomposition act as a preservative to inhibit further 
decay, we can readily understand why the building up of j)eat beds is 
cumulative. It progresses most rapidly at a mean atmospheric tem- 
perature of 45° F., which accounts for the fact that no |)eat l)Og8 occur 
between the latitudes of 45° N., and 45° S. It is estimated * that there 
exist in the United States 20 million acres of peat bogs, 30 million acres 
in Canada, 50 million on the continent of Europe, also approximately 
3 million in Ireland. 

The following constitute the most irnportimt varieties of peat, based 
on the locality in which they are found : 

(1) “Hill peat” found at mountain tops and derived from plants consisting 
of Sphagnum and Andromeda moases, likewise heath. 

(2) “Bottom peat,” found near rivers, lakes, etc, in the low-lands, including: 
(a) dark peat approaching lignite in composition, occurring at the lower parti 

' Encyclopedia Britaoniea, 11th Edition. 
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of the deposit; (6) middle peat, which is lighter in color and in weight than the 
preceding; (c) the top stratum, which has a fibrous structure. 

Peat varies in color from light yellowish, through various tints of 
brown, to brownish black or black, all of which appear darker when the 
peat is moist. The lighter shades generally darken to brownish black 
or black upon exposure to air; due largely to oxidation. In texture, 
peat varies from light porous matter having a fibrous or woody structure, 
to substances which are amorphous and clay-like when wet, but appearing 
quite hard and dense upon drying. Peat may be classified as follows, 
based upon its physical characteristics: 

(1) Turfy peat, consi-sting of decom[)osod rnosae.s and aquatic plants, having 
a yellow to yellowish-brown color, and, a soft, ai)ongy, or elastii^ structure, varying 
in specific gravity when dry from O.ll to 0.2(). 

(2) Fibrous peat, consisting of a distinctly fibrous structure derived from moss, 
grass, roots, etc., having a l)rown or black color. It is brittle and easily broken, 
much less clastic than turfy peat, and when dry has a specific gravity of 0.24 
to 0.67. 

(3) Earthy peat, forming earth-like rnaases when dry, and sometimes showing 
a vestige of fibrous structure. Fracdures with more or le.ss difficulty, presenting a 
surface with little lustre. S|)ccific gravity 0.41 to 0.90. 

(4) Pitchy peat. Dense and hard when dry, resisting fracture and bre king 
with a smooth and often lustrous surface approaching that of lignite, Specific 
gravity 0.62 to 1.03. 

The chemical composition of peat is but little understood. It is 
regarded as a mixture of water, inorganic niatter ((‘aleium and iron 
compounds), vegetable fibres and humus acids (such as humic, ulmic, 
creiiic, apocrenic, etc.). According to II. Horntrager ' the black varieties 
contain between 25 and 00 i)er cent of humus acids, 30 to 60 per cent 
of fibre, and 3 to 5 |)er cent of ash. Nitrogenous compounds are also 
present varying from 1 to 3 ix?r cent of the dry weight, resulting partly 
from the associated animal matter, and also due partly to the humus acids 
combining with atmospheric nitrogen, fonning what are known as azo- 
humic acids. Sulphur is also present in amounts between 0.1 and 5.3 
per cent based on the dry weight. 

Resinous substances are found in certain varieties of peat to which 
various names have l)een assigned, also l)odies of a waxy nature derived 
from the associated gelatinous alg», known as “ sapropel.” 

When recently formed, the peat beds are but loosely compacted, 
but as they accumulate, the under layers become compressed, so what 
once was a foot thick may be concentrated to several inches. In other 

I Xtit. anal. Chtm , M. 694, 1900 ; 40 . 039, 1901 
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cases the beds l:eco:i;e coNoiipd with sedimentary rocks, which augment 
the pressure, and gradually transform the |x?at into lignite.* 

I’eat is generally collected by cutting trenches through the lx)g with a spade, 
and removing it in sods about 3 to 4 ft. long. The deixwits are worked in steps 
or tiers. Mechanical excavators and dredges have also l)een used for the pur|H).sc. 
The sods /ire allowed to drain, then air-<lried and finally heated to a high tem- 
perature in. either stationary or revolving ovens, to remove the water. Peat as 
freshly mined contains 75 and 90 i)er cent by weight of water, which must oi 
necessity be removed before the product can be u.se<l as a fuel. Air-<lrie<l peat 
carries 10 to 15 per cent of moisture, and the artificially drinl i^eat Wtween a 
trace and 80 per cent of mineral ash, consisting principally of sand and clay with 
smaller quantities of iron oxide, calcium and magnesium sidts. The maximum 
quantity of ash usually considered allowable when used as a fuel is 25 iier icnt 
of the dry weight. Peat with less than 5 i)cr cent ash is considered good, ladwiaui 
5 and 10 per cent as fair, and over 10 iier cent as ix)or. With |K*at containing 
less than 10 per cent of a.sh in the moistur<‘-fr<‘e sOite, the fixetl carlxm vanes 
lietwecn 15 and 35 per cent, averaging aliout 30 iier cent. 

• It is customary to briquette the partly tlricd iM‘at, carrying 10 to 1.) per cent 
of water, and then continuing the drying until practically all the moisture is 
removed, and the residual i>cut compacted into tough briquettes suitable for uw* 
a., fuel. It i8 l>ri<,u«ltol under a proaaur,- of IS.OOd «- :«),'«)« It'- Ikt aunar.. inch, 
which Kcneratea aulfic.cnt heat to hlaTalo ao.nc of tin- tarry , 

peat, .Ling the ai.lea of the hn.p.ettes to aeaun.e a 'f'*" 

product is claimed to have a calorific value alinoct cpinl to that of , 

In ItKM Dr. M. lO. Kent, erg, of U.n.loi., .Icvi«..l a 
peat, known ns “wet carlioniriiig,” which '“f [ 

iwiit, containing S,5 to !K) [icr cent of water, is mi >)« c. „rcKi<«rc of l.'ill H' 

aliovc litKI" K., in a a|iccial form of appariiliis, anil mill 1 

This ciuiscs the .Maty snlistiui.es to .oiigtilalc an.l ,|cr haps 

Imniaation, so that their physical pto|wrlics Iss onic ' , , 

in color a„.l tninsfornied fro... a «•»-«': :::.::,ts lo 

l)e separated by filtering, so that the mo. oneratioii low- 

only 5 FH-r rent. The jirocess is and to a limited extent 

The hriipietted iieat is ordinanly used J • J y methods 

for the recovery of gas, tar, ammonium coni|a.unda and .oke. 

k fk If* y>«i Hoy Soc ^ ®ri 

.••Report, upon the Irish Pra. ^ M„„re .In 

II, Vol I, pi. 13, K. Rie», .SSlh Ann Kep • OiMMirtno". < h.pl.r Ml 

kchwe,.,^^ Berne. S.-rerUnd, '»«*•, 7;;;^:^.'':, Be.., .t/.n 

rontaiii* a bibliography on peat. ^ ^ j parwiris, fxih Ann «P • 


rontaiM* a bibliography on peat. ** ^**!? I") k- j A I- FanioriB, fxih Ann 

McCo.irt and Parrncleo. Ann Pr^atucta." by V C Km, IVH)6. J A^ 

N y. .Slate Mua. Vol 1, P 16. 190.>. “ j, ,, io()«: -pfal. lU I ««• •'“d 

Holme. Bull No W. U S. J l’,,nd«n. ..Th. Data fd (Jeorhrn.j«iry. 

Manufaoluro." by P K Bjfirling and F T C-iwing. ^ Tj,y.r Ma^- 

Clark. Bull No. 330. U. 8. Cool J Ottawa. Can«U. Bolh !«. 1^| 

facture and Uaos in Europe.” h .^^[nvmigation of thf P^at Bog. and 

••Commmial Peat." by F T CJia-mg. J Canada. 190«: Heport 71 by 
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Anrep. Laraon. Ekelund. ^ ^.n’ada. 1913-14: "The of Pe*t,” by Cbaa. Davit, 

,»n-12l Report 3M by Anrep. «•— W-b.. D. C. I.U. 

Bull. No. 16, Bureau of Minot. U. 8. Dep • 
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have been used for distilling peat, similar to those employed for treating coal. 
Peat may be destructively distilled in closed retorts, obtaining a gas suitable for use 
as a fuel, likewise tar, ammonia, and a good grade of coke, but in the United 
States this process has only l>een carried on in a small experimental way. At the 
present time the cost of drying and briquetting peat brings its price higher than 
that of bituminou.s coal. For these rea-sons neither peat tar nor peat-tar pitch 
are produced in commercial quantities. It is probable, however, that in the future, 
greater attention will be paid to the enormous peat deposits now inoperative. A 
brief description of the Eur<)i>ean practi(!e, therefore, will not l)e out of place. 

The Zeigler proce.s.s of treiiting peat has attracted attention in Germany, Ba- 
varia, and Russia. It is distilled in retorts 40 ft. high, having an elliptical cross- 
section. The upper portion is constructed of cast iron and the lower of fire 
brick. Vertical fire-brick flues are built outside the central chaml)er, A feed-box 
is attached to the top of the retort with a ga.s-tight cover opening inward, and 
the lower portion of the retort terminates in a hopper with two openings from 
which the coke is removed from time to time. The volatile matter is drawn off 
by suction, passed through condensers to remove the acpieous liquor and tar, 
and the purified gases caused to burn in the fire-brick flues surrounding the retort. 
I'he products of combustion, having a temperature of 18(K)° F., are used for 
drying the peat until it contains aljout 15 to 20 per cent of moisture. The tar 
is separated from the aqueous liquor by heating the mixture with steam to the 
melting-point of the tar, which then ri.ses to the surface. It is a black, viscid 
liquid with a disagreeable acrid odor, representing 2 to 5 |)er cent of the dry weight 
of the peat used. The aqueous liquor contains ammonium salts, acetic and other 
organic acids, wood alcohol, and pyridine bases. The tar is slowly distilled, and 
after the water ceases to pa.ss over, the receiver is changed and the distillation 
continued until 45 per cent of oily distillate has been collected. The receiver is 
agiin changed, and heavy oils containing paraffine wax, totalling about 80 per 
cent by weigjit of the tar caught .separately, leaving 15 to 20 per cent of peat-tar 
pitch in the retort, which is finally drawn off. The oily (h.stillatc first recovered 
i.s redistilled into light naphtha (don.sity under 0.8.3), and lieavy naphtha (density 
0.85). The heavy oil is cooled and prc.s.so(l to .separate lubriiating oil from the 
paraffine wax. The products are treated first with concentrated sulphuric acid 
an I then with caustic soda to remove tarry impurities and creosote oil respectively, 
the latter being recovered in the form of creo.sote or carbolic acid. 

The following represent the percentages by weight of by-products obtained 
per ton of the air-dried peat; 

Qa»t*i and loss 15% 

Aqueous liquor 40% 

Peat tar 9% 

Coke 36% 

Total . .. 100% 

The following percentages by weight of by-products were obtained from the 
Aqueous liquor; 


Ammonium sulphate 4 0% 

Methyl alcohol 2 0% 

Pyridine bases 0.2% 

Aoetio add 1-6% 
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The dry peat tar yields the foIlowiiiK: 



Cnidi , 

\ftii Pdtilii'aiioii 


pi r Cent 

Pit Cent 

Light naphtha 

It) 

12 

Heavy naphtha 

:u) 

2.") 

Lubrieating oil 

1.) * 

13 

Paraffine wax 

12 

2 

Peat-tar pitch 

It) 

16 

Creosote 


12 

1.088 

n 

20 


ton 

1(H) 


HoMe rep<jrts ' that the de.struetive tli.st illation ennie iiinlried inait protliires: 

N()ti-roinl»‘nHat)l4‘ ganos . . !^ *’**', 

A<iuoou» distillatt* 

Peat tar • 


Bruiuettecl Yorkshire jieat on distillation yields between 11 and 22 lb of ainino- 
niuni sulphate per ton, and apfiroMinately :IS gal of tar and water 'Phe gaN‘H 
evolved are suffieicnt to ronduet the process of distillation winch yields a i-oke, 
hard enough to be used in blast furnaces. The tar on distillation yields the fol- 
lowing fractions: 


Rfi w rn“r ' 

Ko'.'i'n^r 211 00' , aiHOllat«> (i*|j ur 0 W3) 

AU r' '‘U 'liMilltttf (upgr 0 041) 

Above 2.w^ C 

Also a residue amouiiliuK to <>f hunt pttrli 

The di.slillatc boding abo%,- 2.'i0‘> C’ ronlauH-.l .1 p,r r. i.t of paraffine wai 


Graefe (loe. cit.) reports the following tests on Hussian jieal tar: 


Sp gr 

Bodirig-poirit. 

Distdlato of rrudt’ od-s 
Pral-tar fiitch 
Creosote Ml the crude oils 
Paraffine in the crude far 
Fusing-poinf , of the crude tar 


0 o.ia 
l»r.» C 

74 I'l; 

'.I im' ;, 

.w 2 * c 


K. H«rn»t.i-. an.l V IX-rn-tom > a pr-K-sa lor ’'"'’J" ""!"''"'' " ' 

to destrurtivc diatillntioo. and rnoover llu- „,tn«.-nou« .aan,».»«d> ' J"- ' * 

lar afUT dehydration eon.ainnl phenola, IS ,K.r eent; mtnw.nona laana. ialka- 
loida), 1 per rent; neutral oda, M iwr .cid; and pileh (.onlaininu paraflme), 

ThTumpe and Canada attempts have la'en made to ut.hre peat for man..- 

facturing produrer gaa (are p. 172). A P™''*'*’’' h" 

Korting “Double Zone, UiMlraft Peat (iaa Prorlurer. haa laam deaigned tor th. 


' Loc rit , p. 363. 

»y. Oa$ Ltghhng, It#, 731, 


1915; also X. angrv. Chrm , 17 , Aufaat*, 71 2, 1914. 
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purpone, as illustrated in Fig. 80. It operates on peat which has been air-dried 
for four weeks, containing 25 to 50 per cent moisture, thus saving the time 

and expense of drying artificially. This 
moisture is converted into steam in the 
producer, and obviates the necessity of 
introtlucing steam with the air, as in the 
case of coal or coke (p, 239). The air-dried 
peat B in the form of sods measuring 
8X4X2 in., weighing to 2 Ib. each, is 
charged into the hoppers A-A, from which 
it falls upon the .sloping grates C-C, where 
it undergoes partial combustion. Sufficient 
air is admitted lielow the grate.s to distil off 
the moisture and volatile matter. 7'he car- 
lionizeil fuel then piusses downward through 
the comparatively narrow duct G to a .second 
combustion zone H at bottom of the pro- 
ducer, where the cornbu.stion is carried to 
(romplction. The moisture and tarry vapors 
evolved in the up[)er zone pass through (he 
o()ening D and downcomer E and intro- 
duced at F directly below the grate-bars 
of the lower zone, whence they pass upward 
through the incandescent fuel to the draw- 
off pi|)ea J-J. The air admitted to the 
lower zone through the pifies / -/ is carefully 
regulated, so that a proper interaction will 
take place lietween the fuel, moisture, and 
tarry vapors, resulting in the ultimate forma- 
tion of hydrogen and carlion-nionoxide. 'I'he 
tarry matters are partly converted into 
{x^rmanent gases, and partly burned. A good 
fMjrtion of the tar, however, escapes deconiiK>- 
sition and is carried by the pro<lu<‘er gas, from which it must lie sejiarated by a 
tar extractor and scrubber. The tar recovered in this manner amounts to 1 to 2 
per cent by weight of the dry peat and is very similar in comiiosition and properties 
to peat tar derived from destructive distillation proce-sses.' 

Dehydrated peat tars in general, tost as follows: 



Airand Steam'' 

Fio. 80. — Kbrting Double Zone Up- 
Draft Gas Producer for Peat. 


(Twt 1) Color In niau 

(Twt 7) Speciflo Krnvity at 77® F 
(Teat 9) itardnoM or consUtency . 

(Teat 15a) Fu*in«-point (K, and method) 
(Teat Ifi) Volatile matter at 500® F , in 4 hrs 
(Test 17o) Flash-point.. ... 

(Test 19) Filed carbon. . . 

(Test 21a) Soluble in carbon disulphide 
(Test 215) Non-mineral matter insoluble. . . . 

(Test 2lf) Mineral matter 

(Test 22) Carbenes 


Black 
0 90-1 05 
Liquid 
40-60® F. 
50-85% 
60-95® F. 
5-15% 
98-100% 
0 - 2 % 
0 - 1 % 
0 - 2 % 


1 " Use of Peat in Oaa Producing Plants,” E. C. C. Baly, /. S9C. Ch*m^ Ittd , M, 1240, 1910, 
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(Teat 23) 

Solubility in 88^ naphtha 

95-100% 

(Tett 28) 

Sulphur 

(Teat 30) 

Oxygen in non-mineral matter 

Lena 1% 

(Teat 33) 

Paraffine wax. 

• ■ • 5 15% 

(Test 35) 

Sulphonation residue 

• . . . 5-l.^% 

(Tett 37) 

Saponifiable constituents . 

5 15% 

Yea 

(Teat 41) 

Diazo reaction 

(Teat 42) 

Anthraquinone reaction 

No 

(Teat 43) 

I.ieberniann-Storch reaction ... 

No 


Peat-tar pitch is obtjuned by the evaporation or steam distillation of peat tar. 
It is not an article of commerce in the United State.^. Its hardness or consistency, 
as well as its fusing-point, depend upon the extent to which the distillation has Unm 
conducted. Ordinarily peat-tar pitch tests much the .same a.s hgnite-tar pitch, 
the results being included on table XXXV, p. 482. It i.s highly susceptible to tem- 
perature changes, and withstands e.xjiosurc to the weather very poorly. 


LKINITE TAR AND LKINITP^TAR PITCH 

The U. S. (leological Survey ostiiimtrs that 1,087,514,400,000 (ona of 
lignite are available in the United States, but it is used only in a limited 
way, due to the abundance of other tyix‘8 of fuel.* Largo dojiositK occur 
also in AUx?rta, Stiskatchowan and Manitoba, ( annda. A zone covering 
alx)ut 1700 stjuare miles has liecn located in Australia, and one small 
deposit has l>een reported in England (at Rovey-Tracey in Devonshire). 
A commercial product known as “ kaumazito ” is made from Rohemian 
lignite by a process of low-temp(‘rature distillation.*’ In (lennany, how- 
ever, the lignite industry has made much more rapid advances owitig 
imrtly to the scarcity of high-grade coals, and partly to the fact that the 
deposits are located clo.se to large citi('h, making the cost of transj^rtation 
low. The lignite is accordingly u.sed as a fuel for steam plants, for manu- 
facturing producer gas, and for distillation pur|>os(\s to recover its valuable 
by-products. 

The descriptions of the methods which follow are based on (iennaii 
practice as carried out in the following localities, viz. : 

(1) near Horrem, a short distance west of Cologne in Rhine Prov’nce; 

(2) in the neighlx)rhood of Halle on the Saale, in the Provinces of Saxony 

and Thuringia; and 

(3) at Messcl, near Dannstadt in Hessen Province. 

The so-called browncoal (a variety of lignite) is mined at the first two 
localities. It is estimated that 20,000 to 25,000 tons were briquetted 
daily in the Cologne mining district alone, where the l)cd8 run from 30 

» Charle* A. Davit, Tech. Pap<T No. 55, Bureau of Minet, Dept, of Interior, Waab,, D. C., 
1913. 

•Daniel Bellet, Rtt gin Sn . U. 118, 1917. 
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to 350 feet thick, averaging 75 feet. Browncoal differs somewhat from 
American lignite in carrying a higher percentage of moisture (about 
60 per cent instead of 25 to 50 per cent). Aa mined, browncoal is soft 
and either unconsolidated or but slightly consolidatetl, so that it can be 
cut easily with a knife. The Messel deposit carries about 30 per cent 
clay and 45 per cent water, the organic constituents apparently being 
combined chemically with the clay. It is greasy in consistency, having 
a black color with a greenish cast. The bed covers about 240 acres 
in a hemispherical depression, and measures 480 ft. in thickness under 
a cover 13 ft. thick composed of gravel and clay. 

Browncoal in the Cologne and Halle regions is found in stratified 
l)ed8 in which the layers alternately appear lighter and darker in color. 
The lighter layers form a brownish-black plastic and greasy mass when 
freshly mined, and a yellowish to light brown pulverulent substance when 
dry. They arc characterized by the presence of waxy constituents soluble 
in carbon disulphide, l)enzol, etc. The darker layers form a black plastic 
mass when fresh, and a dark brown to black earthy substance after dry- 
ing. They differ from the light-colorcKl layers, in l)eing substantially 
free from soluble waxy constituents. The two varieties are sorted during 
the process of mining. The light-colored product resembles the mineral 
pyropissite (sec p. KK)) but yields smaller percentages soluble in benzol, 
etc., the highest grade averaging 32.5 j^r cent (based on the dry weight). 

The lighter variety of lignite has l)een incorrectly termed “ bitu- 
minous lignite,” and the darker, “ non-bituminoiis lignite.” For pur- 
poses of differentiation, we wall refer to them as “ retort lignite ” 
and ” fuel lignite ” rcs[)ectivoIy.‘ Ketort lignite ranges in specific 
gravity from 0.9 to 1.1 and melts at ignition, w'hereas fuel lignite has a 
gravity of 1.2 to 1.4, and does not melt. 

It is assumed that these two varieties of lignite, since they occur 
in the same deposit, result from differing conditions surrounding their 
fonnation, as for example a variation in water level. Thus if the original 
vegetable matter containing a large amount of waxy constituents was 
protected from the action of atmospheric oxygen by being surrounded 
with water until the transformation into lignite had l)een completed, 
then the woody tissue was moix* or less praserv'cd, and fuel lignite resulted. 
If, however, the water receded and exposetl the deposit to the action of 
air, then the woody tissue Ixjcame partly or wholly oxidized, leaving 
the more resistant materials behind, and resulting in the formation of 
retort lignite. If the process of atmospheric oxidation had been carried 
to the greatest possible extent, then the waxes only remain behind, in 

>lii Oermany they «re termed “DistilUtion Coal” (Scbwelkoble) end ”Fire Coal” (Feuerkoble)^ 
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the form of the mineral pyropissite. As stated previously, pyropissite 
is no longer mined, since its total available supply has l)een exhausted. 
Lignite as freshly mined is more or less rapidly acted ujx)n by atmospheric 
oxygen, the dark variety Ijeing more susceptible than the light one. A 
t 3 rpical lignite vein carries about twice as much fuel lignite as retort 
lignite. 

Retort lignite is treated in one or two ways, viz. : 

(1) It is subjected directly to low temperature destructive distil- 
lation, or 

(2) It is first extracted with a solvent to remove the montan wax and 
the residue either distilled destructively or briquetted and sold iis fuel. 

Fuel lignite is also treated in one of two ways, viz.: 

(1) If it is comparatively free from .a.sh, it i.s l)riquette<l and used as fuel; 

(2) If it contains a large proportion of a.sh, as with Messcl lignite, it is used 
for manufacturing producer gas by combustion in an atmosphere of air and steam, 
so that practically all the carbonaceous matter is consumed, leaving almost pure 
ash behind. Since Messel lignite in its crude state contiins but 2.5 i)er cent of 
combustible material, it is unsuitable for use as fuel, or for purfiowes of destructive 
distillation. 

When the lignite is to be used for fuel, it is converted into briquettes by 
subjecting the granulate<i material to great pre.s.surc. The heat genemted during 
this operation softens the waxy Rul).stancc*s present, anrl binds (he particles into 
a solid mass. It is unnece.s.sary, therefore, to a<ld any extraneous binding medium. 

Retort lignite is un.suitablc for fuel or manufacturing briquettes, as the large 
quantity of waxy constituents pre.sent will soften when heated, causing the briquettes 
to melt and drop through the grate bars. When the retort lignite has l)een ex- 
tracted with solvents to remove the "montan wax," the residue still contains 
enough waxy constituents to enable it to l>c bri(|ue(ted. 

Lignite is mined by the open-cut method where the over-burden is not very 
thick, or by driving shafts and tunnels when the Ixxl is 8ituate<J some distaPoe 
below the surface. In the case of oi>en-cut mining, the over-burden is first re- 
moved with steam shovels, and the lignite excavated by mechanically otierated 
chain and buckets, which load the material into small skips. 

Shaft mining presents a numlier of difhcultie.s owing to the softness and un- 
stability of the crude lignite. The shafts must lx* well timliered, and in many 
cases it is first necessary to freeze the lignite Ixjfore it can l>c handled. This is 
accomplished by driving a series of vertical pijics at the lx)ttom of the shaft 
through which salt solution cooled to a low temi>eruture is caused to circulate. 
This solidifies the lignite, and enables it to be be excavated without danger of 
cave-ins. 

Where the lignite is used for manufacturing briquettes, it is first crushed to 
about the size of peas, then passed through sieves, and finally through a drier 
to reduce the moisture to approximately 15 fier cent. A tubular drier, heated 
with steam, has been found most satisfactory for the purpose.* The lignite powder 

>"Bnquettinf Testo of Liiniite at Fittaburgb, Ps," Bulletin No. 14, Bureau of Mioea, U. 9< 
Dept, of Interior, Waab., D. C , 191). 
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is fed into a briquetting press, where it is subjected to a pressure between 18,000 
and 22,500 lb. per square inch.* 

When the retort lignite is to be subjected to destructive distillation, 
it is used directly as it comes from the mine, without drying. In fact, 
the presence of the water materially assists the distillation process by 
preventing the volatile products from decomposing too extensively. 
The water is converted into steam which quickly removes the vapors 
from the hot retort and prevents cracking. Practice has shown that 

the moisture content should 
not be less than 30 per cent. 
In distilling lignite, the humic 
acids present are converted 
into the so-called “ neutral 
bodies,” the cellulose deriv- 
atives into phenolic bodies 
and unsaturated hydrocar- 
bons, and the waxy constitu- 
ents into saturated hydro- 
carbons and paraffine wax. 

It is claimed that the 
Rolle retort shown diagram- 
matically in Fig. 81 has been 
found most satisfactory for 
treating lignite. It is 5 to 
6 ft. in diameter by 20 to 
25 ft. high, and works con- 
tinuously, the operation pro- 
giTssing in two stages, viz.: 

(1) Drying the lignite. 

(2) Decomposing the lig- 
nite into gas, water, tar and 
coke. 

The contrivance is com- 
posed essentially of two con- 
centric cylinders, an outer 

Fj(}. 81. -Retort for Distilling Pure lignite. <^^6 of fire brick and an inner 

one consisting of a stack of 
conical rings assembled in louvre fashion, constructed of iron or fire clay. 
The lignite after being crushed into lumps about 1§ to 2i in. in diameter is 

‘"The Production and Uao of Rrowncoal In tho Vicinity of CoJofnc, Germany,” by C A 
Pavla, Tech Paper No. W, ntircaq of Mines, U. S. Dept, of Interior, Wash , D. C , 1013 
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introduced into the space between the concentric cylinders. The products 
of distillation pass out through the flues A and B. The openings C 
represent the fire-flues; D, the stack of conical rings; E, the cap covering 
the rings; F, an inverted cone of metal into which the coke falls after 
the lignite has been thoroughly carbonized; G\ a device for intermittently 
drawing off the coke; H, the combustion chaml^er; J, vents for intro- 
ducing the gases; A', the pipes through which the gast's enter; and A> 
the fire place which comes into play when the retort is first started up. 
('oal or lignite is burnt on the grate, until the process of destructive 
distillation commences, whereui)on the resulting non-condensable gases 
are introduced through K and J, and caused to burn in the flues C. '1 he 
space over the cap E is kept filial with lignite, and the nite of travel 
through the retort is controlled by the frequency witli which the coke 


is removed from the chan.ber G. 

The temperature at which the distillation takes place varies belwcHai 
500 and 900® and the vapors issue from the retort at 250 to ¥. 
The products of decomposition are drawn from the it^tort by a slight 
suction, and passed through a series of air condensers, whkh mr.oves most 
of the tar, the high boiling-point oils, and part of the water. 'J he condensa- 
tion is completed by passing the gases through piiK>s surrounded by water.' 

The tar is separated from the condensed ^ ater by warming it and allowing 
it to stand quietly in a suitable receptacle. '1 he tar being lighter than the 
water, rises to the surface, and is dniwn off when the 8(>paration is comidete. 

In recent years the fcllo>\ing lercentages have been recovered: 

50 00% 

Water ■ 

" 25-35% 

B*1*doo 



The coke hae a more or lea, granular stnu turc. and after -ter 

oarriee atout 20 per cent of moi.ture and 15 to 25 per cent of aah, de,*nd.n* 

upon the character of the raw lignite. 

The following figure.s show the yield on di.st.lling an exceptionally ” ^ 
containinK 32.5 per cent of conetituente eoluhic in carl»n dienlplnde, winch .nc 
dentally, is very much higher than the pre><ent run of the inmea. 


OtMfl «nd loM . 
Aqueous liquor. 
Tar 

Coke . 


Total . 


Original Lignite, 
Per Cent. 


3.3 

35 


I4gnit4- after Katrar- 
tion with Solvents. 
Per Cent 


12 

10 

21 

48 


Mont an Wai 
Kalracted, 
per Cent 


6 

6 

78 

12 


l••pic Br.nl.kohlciitccr:indu.ti''." by Ed. Crwic. H.1W .. B. 190«. 
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In Southern Saskatchewan, Canada, the raw lignite tests as an average: 
water, 26.13 per cent; volatile hydrocarbons, 28.11 per cent; fixed carbon, 38.16 
per cent; ash, 6.86 per cent; and sulphur, 0.74 per cent. It is treated in a ver- 
tical chamber oven, like a horizontal by-products oven, charged and discharged 
continuously. The gradual application of heat increases the yield of hydrocarbon 
by-products at a high speed of treatment. Rapid evolution of gas results at 
700-900® F., and ceases at 1000® F. A ton of the crude lignite yields: gas, 10,000 
cu. ft.; crude tar (water-free), 15 gal.; ammoniacal liquor, 65 gal.; and coke, 
955 lb. On distillation, the tar yields: light oils, 11.5 per cent; creosote oils, 13.5 
per cent; paraffine, 34.1 per cent; and hard pitch, 24.5 per cent. About 15 lb. 
of ammonium sulphate are recovered per ton.* 

The Messel lignite carrying a large percentage of mineral water is 
treated in a siKJcial form of retort built in batteries, as illustrated in Fig. 

82. The process takes place in three 
stages, viz.; 

(1) Drying of the lignite and accom- 
panying generation of steam, taking 
place in the zones c. 

(2) Distillation of the dried material, 
taking place in zones 6. 

(3) Combustion of the residual coke 
by means of air and the steam generated 
in (1), taking place in zones a. The steam 
lil)erated in zones c is passed through the 
flues bV, /-/, and (t-(f respectively into 
the zones a, as illustrated. 

In other words, the steam generated 
by the lignite itself, is used to decomjx)se 
the coke into producer gas, as described 
on p. 172. The gas is caused to burn 
in the chambers A, H and C respectively, 
the products of combustion passing 
through the openings o, o. Pipe d repre- 
sents the outlet for the products of 
decomposition, and 5 represents the sup- 
ply pipe for the heated gas. The paths 
Pio. 82.— Retort for Distilling of the products are indicated by the 

Impure Lignite. arrows. The yield of tar varies between 

4 and 14 per cent, averaging about 7J 
per cent (19 gallons per ton), that of gas 6 per cent, water 44 per 
cent and coke 36 per cent. The residue discharged from the l)ottom 

l"MetliQdi of utiliiing Lignite," 8. M. Puling, J. Oat LxifhHng, 111, 456, 1915,. 
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of the retort is composed of mineral matter carrying 8 per cent of unde- 
composed carbon. More gas is generated during the process than is 
required for heating the retort, and the excess is used for other purposes. 

Lignite in either the air-dried or briquetted form is gradually leing 
used more and more, especially in Europe, for manufacturing producer 
gas. Either a Westinghouse double-zone gas producer (see p. 242) or 
a Korting double-zone up-draft producer may be used. The latter is 
similar in construction to the Korting i)eat-gas producer (Fig. 80), but 
the channel is greater in cross-section, and steam must lx? introduced 
with the air below the grate-bars in the lower zone when artificially dried 
briquetted lignite is used. About 60 cu. ft. of gas are produced from 
each pound of the dry lignite, also i to J per cent by weight of lignite 
tar, which is separated from the producer gas in the usual manner. W^hen 
the air-dried lignite is used, the process is very similar to that which takes 
place in the Messel retorts, but the yield of tar is much smaller since 
the moisture and tarry vapors generated in the upper part of the i)ro- 
ducer arc passed through the incandescent lignite from Inflow, to decom- 
pose the tar as much as possible, and correspondingly increase the yield 
of producer gas. In other words, the Messel retort is designed primarily 
to recover the tar, and the lignite-producer to generate gas. 

Lignite tar has a buttery consistency at ordinary teiriperatures 
with a dark brown to black color. It is composed of liquid aiid solid 
members of the paraffine and olefine series, together with a small quantity 
of the benzol series, also the higher phenols and their derivatives. It is 
characterized by the presence of a substantial proportion of solid par- 
affine (10 to 25 per cent) and from 0.5 to 1.5 per cent of sulphur. 

In general, dehydrated lignite tar conforms with the following char- 
acteristics: 


(Te«t 1) Color in mam 


Yellowbb brown to 
crM’oiab brown to 
brownish blark 


(Test 7) 8i*«cifio frsvity at 77* F 

(Test 9) Hardness or consistency at 77* F . . 
(Test 10) Ductility at 77* F. 

(Test 13) Odor on beating 

(Test ISo) Fusing-point (K and 8 method) 
(Test 16) Volatile matter at 500* F . 4 hrs 
(Test 17a) Flasb-point (Pensky-Martens tester) 

(Test 19) Fixed carbon .... 

(Test 20) DistUlatioo test 


0 65-1.05 

8alve-like to buttery 

None 

Characteristic 

60-90* F. 

70-85% 

75-90* F. 

5-20% 

Tbe boiling point ranges 
between 80 and 400* 
C, the greater por- 
tion distilling between 
250 and 350* C. 


(Test 21a) Soluble in carbon disulphide . 
(Test 216) Non-minersl mstter insoluble 

(Twt 21c) Mineral matter 

(Test 22) Carbenes 


.. 98-100% 
.. 0 - 1 % 
0 - 1 % 

.. . 0 - 2 % 
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(Twt 23) Solubility in 88® naplitha • 95-100% 

(Teft 28) Sulphur 0 I>-1 5% 

(Test 29) Nitrogun than 0 1% 

(Test 30) Oxygen 5-10% 

(Text 31) Free carbon ^-1% 

(Teal 32) Naphthalene 4"1% 

(Teat 33) Paraffine. ... 10-25% 

(Teat 35) Sulphonation residue 10-20% 

(Teat 37) Saponifiable conatituenta. . . 5-20% 

(Teat 41) Diazo leaetion Vea 

(Teat 42) Anthraquinono reartion No 

(Teat 43) Idebermann-Htoreh readion No 


Graefe reports ' that destructively distilled lignite t:r will range as follows: 



(iood Tur 

Average Tar 

Poor Tar. 

8p«cifio gravity at 77* F 

0 8«7 

0 886 

0 917 

Commonce* to Ixul . 

190® C. 

1:50® C. 

174® C. 

Crude oil dialillat'* 

1 

371% 

24 1% 

Parafflnaroous ri^iduo 

03% 


08 9% 

ParaffinaciHiufl roHiduo Holidifioi* at . 

29 8® (' 

2.*) 8® C 

20 r C. 

Creoaotu In crude oil <liH(illatc 

11 0% 

15 0%, 

19 5% 

Cri'oxoto ill pHriiffinaccoim rcHul.:n . . 

9 0% 

6 

7 0% 

Paraffine in puraffinucoou.<» roaidue. 

2.1 :)<; 

18 5-22 0';, 

18.2% 

Paraffine in the tar ifaelf 

14 

10 2 12 5% 

12 .5.3% 

Fusing-point of the pfiraffirie 

r>\ o®(' 

1 

46 7® r 

1 

.52 7® C. 


The nqiiooiis liquor separated from the ligniti* t.ir rontains 0.03 to 0.07 per 
cent of ammonium salts, which are so small m amount that it scarcely pays to 
recover them. Lignite contauw an average of 0.3 per cent of nitrogen, which is 
distributed among its products of di.stillation a.s follows: viz. 1'lie gas contains 
12 per cent, the aqueous lupior 12 per cent, the tar 10 per cent, and the residual 
coke 60 per cent. 

In pmetifo, lignite tar is distilled to separate various oils and paraffine 
wax. The distillate's arc purified hy treatment with acids and alkali, 
and the paraffine by re-crystallization. 

The distillation is conducted in one of three ways, viz.: 

(1) At atmospheric pressure, without steam. 

(2) By means of steam. 

(3) Under vacuum, sometimes suppleii'.ented with steam. 

Vacuum distillation is generally used, as it saves fuel, reduces the 
time and prevents cracking of the distillates. The l)est practice consists 
in using a slight vacuum at the beginning of the distillation, and gradually 
increasing it until the paraffine l)egins to distil, when it is maintained at 
16 to 28 in. of mercury by a steam injector, or vacuum pump. 

With steam distillation, cither plain or superheated steam may be used 
and direct heating of the retort may be dispensed with in the latter case 

The distillation may l)c intermittent or continuous. European prac- 
tice provides for the continuous distillation of the dehydrated tar in a 

» " liftboratoriunubuch fOr die Brounkohlcntw-Induxtrio," IIalh> a S , p .38, 1908. 
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vertical cylindrical still with a hemispherical bottom having a dome- 
shaped cover carrying the exit pipe and fastened to the body of the still. 
Each still is connected with a condenser composed of a circular coil of 
metal piping immersed in a water tank. Between 10 and 20 stills are 
erected side by side on a coimnon brick setting. 

Gases derived from the destructive distillation of the lignite, arc mixed 
with air and allowed to burn in flues underneath and around the stills. 

Lignite tar is first distilled to J itij original bulk, and the comi)ined 
residues of several stills are run into a separate retort. In some cjises the 
residues are distilled to produce lignite-tar pitch, but in the majority they 
are distilled until nothing but coke remains. By thus treating the 
residues in separate retorts, the lives of the first retorts are lengthened 
materially, and the wear and tear concentrated on a few. The retorts 
in which the preliminary distillation takes place arc of course subjected 
to a much lower temperature than tho.se in which the residue.s are tr(‘at('d. 

When lignite tar is distilled to cok(‘, a certain amount of cracking 
occurs, and consequent fomiation of tarry matter in the distillat(‘s. which 
is removed by treating with sulphuih* acid, and the resulting shahn^ 
worked up into lignite-tar pitch as will be de.scribed later. 

Obviously the pitches derived in the.se two ways ditTer in their phys- 
ical properties, and particularly in' the (juantity of tissociated parafliru*, 
which is smaller in lignitc-tar-.sludge pit<*h. 

The tar is fractioned into crude oil (al)out 33 per rent), a paraffinace- 
ous distillate (about 60 jx'r cent), red oil (al)out 3 per cent), ix*rinan(‘nt 
gjises (about 2 per cent) and coke (about 2 per cent). 

The crude oil is re-distilled into naphtha, illuminating oil, cleaning oil, 
gas oil and light paraffine oil (vaseline oil). The paraflinaceous mass 
is cooled and pres.scd, which removes the heavy paraffine oil from the 
paraffine wax. The paraffine wax is then re-ciy.st alii zed and separated 
into the soft paraffine wax and hard i)ara(fine wax respectively. 

According to Scheithauer (loc. cit.), an average grade of lignite tar 
will yield the following products, viz.: l)cnzine 5 per cent, lubricating 
oil 5 to 10 per cent, light paraffine oils 10 jier cent, heavy paraffine oils 
30 to 50 per cent, hard paraffine 10 to 15 ix'r cent, soft paraffine 3 to 6 
.per cent, dark-colored products 3 to 5 ix*r cent, coke, gas and water 20 
to 30 per cent. 

If the distillation of lignite tar is not continued to coke, lignite-tar 
pitch is obtained, amounting to about 5 per cent by weight of the tar. 

The following diagram shows the essential steps in treating lignite 
tar by fractional distillation, including the two alternatives of running 
to pitch and coke respectively. 
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Refined Ltcnite-tar Pitch 

reoeote Oil (from acid sludge) 
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The fractions are purified by treating successively with sulphuric arid and 
caustic soda, which improves the color and odor, and enables the products to com- 
mand a higher price. The steps in refining include: 

(1) Treatment with 50“ Baum4 sulphuric acid. 

(2) Treatment with 66“ Baum6 sulphuric acid. 

(3) Washing with hot water. 

(4) Treatment with a small volume of 38® Baum4 caustic soda. 

(5) Treatment with a large volume of 38® Baum6 caustic soda. 

(6) Washing with hot water. 

The preliminary treatment with weak sulphuric acid removes a portion of the 
basic constituents, including the pyridine. The stronger 8uli)huric acid extracts 
the remaining basic substances, the tarry matters which impart a dark color, a 
portion of the unsaturated hydrocarlwns and the resinous constituents. 'J'he small 
quantity of alkaji serves to neutralize the acid, and the larger quantity to remove 
the creosote oils which would impart a disiigreeable odor and darken on ex|x>8ure 
to light. 

I'he chemical treatment is carried out in lead-lined steel vessels, and the mixing 
effected with a current of air. 

The following represent roughly the (luaiitities of acid and alkali reqtiired to 
purify the various fractions; 



50“ 

Siilphiirir And, 

I’t r ('enl 

on* 

.'^iilphiirie And, 
IVr ('em 

li<i 

('aiislie Hiwla, 
per Ont 

Naphtha . 

IlluirunatinR Oil 

Cleaning Oil 

i 

1 

1 

7 

;t 

1 

i 

21 

Soft paraffine wax 

1 

0 

Hard paraffine wax 

i 




The total (piantity of sulphuric acid recpiired to refine the various fra<*tions 
varies iMJtwccn (i and 7 per cent by weigl.l of the tor, and that of caustic soda 
lietween 1 and IJ per cent. 

The following refined products are obtained: 

JVopWfai. Siwrific gravity, 0 800-0 820; flasli-poini, 25-Zy C. ; toiling commences 
at 136” C., 7 per cent distils under l.W”, 12 jier cent distils under 200", and the 


balance under 2.50° C. .... ... .. , 

Illuminating Oil. Specific gravity, 0820-0.8.38; flash-point, 35-50 C.; tolling 
commences at IM” C., 4 per cent distils under 150”, 84 per cent dUtiU under 
200”, and the balance under 250” C. 

CUamngOa. .Specific gravity, 0 83.5-0.860; flash-point, 60-70' C.; com- 

mences at 189” C , 4 per cent distils under 200”, 95 per cent distiU under 2o0 , 

and the balance under 300' C. It is free from iinrafline wax. 

Cos Oa. Specific gravity, 0.875-0.900; flash-point, 80-90 C.; ignition-point, 
100-120” C.; toiling commences at atout 200' C., 20-.30 per cent diatiU under 

250' C., and 70-80 per cent under 300” C. m, ,nn« r • 

Light Paraffine Off. Specific gravity, 0.9004).91^ ^flMh-,mint, C.- 

ignition-point, 130' C.; boiling commences at 21^220 C., 2 per cent distils 

under 250® C., and 33 per cent distils under 300® C. 
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//eof'y Parnjfine Chi. Specific gravity, 0.915-0.930; flaj?h-point, 100-110“ C.; 
ignition-point, 130-165“ C.; Ixnling commenocH at 230" C., 2 per cent clistiU 
under 250" C., and 16 per cent distils under 300" C. 

Paraffine Waz. Kusing-fioint varie.s from 35 to 62“ C. (K. and S. method). 
Soft paraffine wax i.s understood to fuse below, and hard paraffine wax above 50" 
C. The crude wax fla.shes l>etween 160 and 165" C. specific gravity varies 
with the fusing-point, ranging between 0 880 and 0,915. 

The tar produced from Messel lignii,e is treated in a similar manner, but only 
the first fraction of the distillate is refined with chemicals, using approximately 
2 per cent of sulphuric acid and 3 per cent of caustic .soda. 


After the chemical treatment, the acid and soda sludges are settled 
off. The acid sludge is boiled with steam in lead-lined vessels, whii-h 
decomposes it into pitch and sulfduiric acid (30 to 40° l^aiime)- This 
ncid has a dark brown color and is used for decomposing the soda sludge 
into creosote oil and sodium sulphati' (glaulicr salt). The impure creosote 
conbiining tarry imitters is niixinl with the jiitch scj)arated from the acid 
sludge, and after washing with water to remove all traces of acid and 
alkali, the mixture is distilled with superheated steam. The purified 
ligfiite creosote is recovered as distillate (having a specific gravity of 
0.910 to 0.980, and yielding 50 to 70 {)(‘r cent soluble in caustic soda) 
and the lignite-tar pitch remains as residue. The* extent to which the 
distillation is continued regulates the har(lne.ss and fusing-point of the 
pitch, which is much harder in consistency than that obtained from the 
direct distillation of lignite tar.* 


Lignite-tar pitrli is charaetcrized by the presiuice of phenols giving the diazo 
reaction, the absence of anthracene (a^ determined by the anthnuiuinone test), 
the absence of insoluble carbonaceous matter, the presence of small (piantities of 
paraffine wax, and the f-ict that it is largely soluble in 88® naplitiia. These te.sts 
distinguish it from coal-tar products. 

According to (Iraefe,’ ligiute-tir pitch i.s almost completely soluble in benzol 
and turpentine, and less soluble in iietroleiim ether or naphtha. Donath and Mar- 
gosches ^ repxirt that lignite-tar pitch is jiartly dis.solved on boiling with a solution 
of alcoholic pota.sh. 

' " Dit* Hr«unkohl(>iit«H'r-IiHlufltrn*.’* by Dr Kd Cirnofc llalh' n S, I'lOf). " Die llrnunkohlen- 
leorprodukto utid ilni Ot'lgiw," by Dr W Schoiihaiirr, 1907. ”l*oal ami I.ijimt*', T’unr .Manufacture 
and U8t*8 in Kiiropc," by K \>‘<lroin, Report 19, IV'pt of Mines, (Miawa. Caiuui'i. 19()S, "Die 
Sohweltwrf, Ihrc Gcwiiihuiik uiid Vcrarbcitunir,” by Dr W’ Schcithaucr, 1911, ".Shale Oils and 
Tar8,” by Dr. W Schcithaiicr, I-ondon, 1913, “Peat, I.ignito and Coal,' by B F HaancI, Rf- 
port 299, Dopt of Mines, Ottawa, Canada, 1913. "Mmhixls of I’tiliainK I.iKnitc," by S M 
DarliiiK, J (hu 131, 4.'»rt, 191.'); "Tho Inv«‘»liKation of Six Samplrx of Albc-rta l.i,{nitei»," 

by Haani'l and Rlixard, Rejiort 331, Dopt. of Minoa, Ottawa, Canada, 1915; "The Brown Coal 
Distillation Industry of Germany," by D R. Stmiart, J. Soc. Ckrm. Ind , 16. 167, 1917. 

< " Laboratoriuroabuch fllr die Rraunkoblenteer-Induatrie," p 139, 1908. 

Ini., it, 220, 1904: also J. Soc. Qhtm. Ind., U, 541, 1904. 
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l4gnite-tar pitches conform with the following tests: 


(TMt 1) Color ia duum Black 

(Te«t 2) Homogeneity Uniform 

{Tett 3) Appearanoo aurfacoagotl indoors one reek Dull 

(TmC 4) fracture Conchoidal 

(Test 6) Lustre Very bright when fresh 

(Test 6) Streak on porcelain Black 

(Test 7) Specific gravity at 77“ F 1 05-1 20 

(Test. 9e) Hardness at 77“ F, con^iistomeier 10-100 

tTest Od) Susceptibility factor Greater than 100 

(Test 10) Ductility Variable 

(Test 13) Odor on heating Charneteriadc 

(Test 14o) Behavior on melting Passes rapiiily from a solid 

into a Iniuid state 

(Test 15o) Fusing-point (K. and S. method) 90^ 250° F 

(Test 16) Volatile matter Variable 

(Test 17o) Flash-point Usually above 260* F. 

(Test 19) Fixed carbon 10 40% 

(Teat 21a) Solubility in carbon disulphide 96 09% 

(Test 216) Non-mineral matter insoluble fr2% 

(Teat 21c) Mineral matter. 0-1% 

(Test 22) Carbenes, 0 5% 

(Test 23) Solubility in 8.8“ naphtha 75-95% 

(Test 25) Solubility in other solvents LurK'Iy soluble in bensol 

and turpentine 

(Test 28) Sulphur. . . 2 5% j 

(Teat 30) Oxygen in non-mineral matter. 2-5% 

(Test 31) Frw carbon ... . Trnre 

(Test 32) Naphthalene Absent 

(Tost 33) Paraffine 1-6% 

(Test 36) SulphonatioM reddtie 6 16% 

(Teat 37) Saponifiable constituentH 0- 5% 

(Test 41) Uiazo reaction Ves 

(Test 42) Anthraqmnone reaction . . . • No 

(Test 43) Lieliermann-Storch reset ion ... No 


Lignite-tar pitch is distinguislied from uood-tar pitch hy its nfwocint'Cd sulphur 
and paraffine wax; from coal-tar pitch by its alinoKt complete solubility in l)fn 2 ol 
a,9d carbon disulphide; and from asphalt, resin pitch and fatty-acid pitched by 
the diazo reaction. On destructive di.stillation, lignite-tar pitch yields an oily 
distillate free from acid, whereas wood-tar pitch yields an aqueous distillate with 

an acid reaction.^ , » • • 

In Germany, where practically all of the lignite-tar pitch is piwluccd, it is 
used extensively for manufacturing cheap paints in consequence of its solubility 
in petroleum distillates. 

* '‘Distinction between Lignite Pitch and Other Pilches.” by K. Graefe. C/irm. ZrU.. 90, 298, 1906; 
"Native and Artificial .Xspbalts,” bv J Marciisaon an<l R. Kickmann. 06cm. ffr ■ FrlL-IIart-Ind , If, 
318. 1908; "Identifying AsphaKs.” by J Marcu*»on, Chrm. Htr Fctl-Uart-tnd., If. 47, 1911; J. 
Ssc. C6em. Ind , SO, 480, 1911; "Chemical ComrM>sition and Bxsminatkm of Natural and Artificial 
Asphalts," by J. Marcusson, Chem. Ret. Fe(hllart-Ind„ It, 100. 1912. 



CHAPTER XVI 


SHALE TAR AND SHALE-TAR PITCH 

The most important deposits of asphaltic and non-asphaltic pyro- 
bituminous shales have been considered in Chapter XII. Scotland is 
the home of the “ shale oil industry. According to Bacon and Hamor ^ 
four large Scottish companies are operating at present, with works at 
Pumpherston, Oakbank, Roman Camp, Broxburn, Dalmeny, Bathgate, 
Uphall, Addiewell, Deans and Seafield, Scotland. At Dorsetshire, 
England, shales are also being worked. 

They are mined in the same manner as bituminous coal, by driving 
shafts, and then extcnditig drifts radially. Considerable timbering is 
necessary, on account of the softness of the shale. When the seams are 
over 4 ft. in thickness, they arc mined by the “ pillar '' and ‘‘ stall ” 
method, and when less than 4 ft. thick, by the “ longwall ” method. 

The mineral as mined is hauled to the surface by power, and then 
run through a breaker, where the masses are broken into lumps measuring 
4 to 6 in, in diameter. The bretikers consist of a number of toothed 
iron discs mounted on two shafts revolving in opposite directions. The 
shale upon being crushed to the proper size, is next conveyed up an incline 
to the top of the retort. 

Retorts Used for Distillation. The retorts used have been modified 
from time to time to increase their efficiency, add to their durability, 
hasten the speed of treatment, or to improve the quality of the output. 

The basic principle underlying the modern retort was embodied to 
the patent originally granted to Young & Beilby,^ illustrated in Fig. 83. 
This consists of four vertical cylinders mounted together, with a common 
hopper above. The upper portion of each cylinder is constructed of metal, 
and the lower portion of fire brick. The distillation takes place in the upper 
part of the retort where the shale is heated to 900® F. The shale is then 
subjected to a higher temperature (1300® F.) in the lower portion, which 
is in reality a gas producer, steam and air being admitted to convert 
the carbonaceous residue into carbon dioxide and carbon monoxide. 
This generates sufficient heat to effect the distillation in the upper portion 

> "AniericAD PKrol«‘uin Industry/' Vol. 2, p. 81(ll 
< Enf. Pat. No. 4284 of 1881. 
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of the retort. iThe admission of air is carefully regulated to maintain 
the required temperature, without causing excessive combustion of the 
by-products. The steam also serves to convert the nitrogen into ammonia. 

The charge gradually passes downward in the retort at a speed regu- 
lated by the periodical removal of the spent shale below.. This type was first 
used at Oakbank, but was open to the criticism that it was difficult to 



From “The Aroeric»n Petroleum Induttry," by Bacon and Hamor. 

Fig, 83 .— Young & Beilby Retort for Distilling Shales. 

control the temperature of the upper and lower portions respectively. 
Thus, if the lower portion became too hot, the shale would fuse and the 
retort become chocked up. This resulted in several modifications forming 
the basis of the modem retort which is embodied in four different types, 
. viz.* : 

Pumphenton Type of Retort uMd at Pumpheraton, Oakbank, Dalmeny Deans 
and Seafleld, Scotland. This waa diacloeed in Eng. Pate. No. 8371 of 1894, and 
No. 7113 of 189.5, granted jointly to Bryeon and Praeer (of the Purophemtoa Oil 
Co., Limited) and to Jones (of the Dalmeny Oil Works); also Eng. Pat. No. 4249 

»-Aniwi«« Petroleum IndmUy," by Bsooa and Bamof, VoL 2, p. M, •l$o •'Slml. OOs 
•ad Tara,” by 8cb«tbauer, p. 41, 1913. 
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of 1897, granted to Bryson. The shale is 
prevented from fluxing and choking up 
the retort by keeping it moving continu- 
ously instead of intermittently as in the 
Young and BeiJby retort. This is brought 
about by supporting the column of shale 
on a disc, from which a revolving scraper 
discharges the consumed shale into the 
hopper l)elow. This retort is illustrated 
in Fig. 84. The shale is introduced into 
the charging hopper, c whence it passes 
into the upper cast-iron portion of the 
retort a in which the actual distillation 
takes place. The shale then slowly works 
its way into the lower portion h, con- 
structed of fire-brick, and finally into the 
lower hopper d extending underneath sev- 
eral retorts, converging in such a manner 
that a single line of rails running below 
the centre will permit the exhausted shale 
to discharge into small cars, e repre.sents 
the metal disc at the bottom of the retort, 
and i the revolving arm or scraper. Steam 
is introduced into the lower portion of 
the retort 6 a short distance above the 
disc c, and the ga.scou.s products of distil- 
lation are burned with air in tlie external 
flues to maintain the retort at the proper 
temperature. 

Young and Fyfe Type of Retort used 
at Bathgate, Uphall and Addiewell, Scot- 
land. d'his is emliodied in I'.’ng Pats. No. 

of 1897, and No 15,238 of 1899 
issued to William Young and John Fyfe, 
and consists of a large multiple charging 
hopper bolted to a vertical metallic section 
which in turn connects with a lower fire- 
brick section of the same diameter, having 
a spacious combustion chamber at the 
bottom. 'I'he shale is introduced con- 
tinuously into the retort from the hoppers 
by means of two seta of cams attached 
to rocking-shafts which rise and fall alter- 
nately, thus obviating the stoppage of the 
retort due to the shale fusing fast to the 
entrance of the metallic section. A me- 
chanical device is also provided at the 
lower end of each retort to effect a con- 
tinuous discharge of the spent shale into 


Fio. 84. — Pumpherson Retort for 
/Distilling Shales. 
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the combustion chamber, which receives the spent shale in a highly heated con- 
dition, and enables the carbonaceous matter to be consumed by introducing steam 
and air. The danger of the shale fluxing and attaching itself to the si<le-wnll8 
of the retort is thus minimized. 

Henderson Type of Retort used at Roman Camp and Broxburn, Scotland. 

This is described in Eng. Pats. No. 6726 of 1889, and 26,647 of 1901, granted to 
N. M. Henderson (of the Broxburn Oil Co., Limited), and illustrated in Fig. 85. 
Four retorts are mounted together. The upper cast-iron portion (a) is 8up|K)rted 
directly by the fire-brick section 5, the joint between the two being formed so 



Fio. 85 .— Henderson Retort for Distilling Shales. 


as to obviate leakage, which is the source of more or less trouble in the other 
types. This retort is made comparatively long to heat the shale gradually and 
thus diminish wear and tear on the lining. I he column i.s kept in continuous 
motion by a pair of revolving toothed rollers i at the Ijottom, which discharge 
the spent shale into a metal hoiijier d, whence it passes into small cars. The gases 
escape through the flue e into the pipe /. The yield of ammonia is high and the 
recovered tar of good quality. 

Del Monte Type of Retort Used at Dorsetshire, England. This retort is heated 
internally by burning a portion of the non-condensable gases in a flue extending 
through the centre of the charge of shale. The retort is inclined at an angle of 
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15 ” to the horizontal, and the shale introduced at the lower end and worked up> 
ward by a spiral screw. The non-condensable gases are passed into the upper 
portion of the retort together with sufficient air to support combustion and forced 
downward to the cooler end where the products of distillation are partly con- 
densed by coining in contact with the cold shale. The shale is distilled at the 
lowest possible temperature, for the purpose of increasing the yield of tar.^ 

Methods of Recovering Shale Tar. The vapors leaving the retorts 
are first passed through an “ economizer,’* consisting of a tower filled 
with pipes, around which cold water is circulated and thus preheated for 
use in the steam boilers (see Fig. 60). The vapors are then passed 
through an air-condenser (Fig. 59) which separates most of the tar and 
ammoniacal liquor. They are next passed through a scrubber (filled with 
a checker-work of wood), and finally through a naphtha scrubber where 
they are washed with the intermediate oil ” obtained in distilling the 
shale tar (having a high boiling-point and a specific gravity of 0.84 to 
0.86) which extracts any light naphtha not previously condensed (al)out 
2 gal. per ton of shale). The naphtha is separated from the scrubbing 
oil by heating the mixture moderately in a still, and condensing the 
distillate (having a specific gravity of 0.73). 

The crude tar and ammoniacal liquor are allowed to stand in a suit- 
able container, whereupon the tar rises to the surface on account of its 
lower gravity, and is drawn off. The crude tar is generally termed 
“shale oil,” but this name is just as inappropiiate as the expression 
“oil shale,” often used to designate the shale (see p. 158). 

Products Obtained and Their Yields. Upon destructively distilling 
the Kimmeridge Shales of England and the I^thian Shales of Scotland, 
the following products are obtained: 

(1) Non-coiulensablc gases, averaging 3000 cu. ft. per ton. 

(2) Ammoniacal liiiuor yielding an average of 45 lbs. ammonium 
sulphate per ton. 

(3) Shale tar, averaging 25 gal. per ton. 

(4) Light naphtha, averaging 2 gal. per ton. 

(5) Spent shale, averaging between 80 and 85 per cent of the raw 
shale, and containing approximately 2 \ per cent unconsumed carbon. 

The non-condensable gases are burned under the retorts, and the 
spent shale discarded, as it has no further value. The valuable products 
are the light naphtha, the shale tar and ammonium sulphate. 

The ammoniacal liquor separated from the tar is treated with steam 
under a pressure of 20 to 30 lbs. in a tower filled with baffle-plates. The 
liquor is run in at the top and the steam introduced at the bottom. The 

t W. B. Mtatfidd, J. JnH. TmAii.. 1. 102, 1010; tnginuring, 101, 104, 1910. 
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ammonia is expelled in the gaseous state and recovered by passing it 
into sulphuric acid contained in a vessel known as a '' cracker box/' 
The acid used for this purpose is usually the waste product from the 
refining process. Crystals of ammonium sulphate separate when the liquor 
becomes sufficiently concentrated, and after being dried are marketed 
as such. In this manner the ammonia is separated from the other nitro- 
genous bases, including pyridine, contained in the aqueous liquor. 

The following table gives the minimum and the maximum yields of 
dehydrated shale tar in gallons, and ammonium sulphate in pounds per 
ton of shale, obtained from the most important shale deposits in different 
parts of the world. ^ As a matter of interest, figures are included showing 
the yields from grahamite (West Virginia), albertite (New Brunswick), 
stellarite (Nova Scotia), coorangeite (Australia), torbanite (Scotland), 
and pycopissite (Halle, Gennany), although these arc no longer distilled 
commercially because most of the (lei)osits have long been exhausted. 



Viehl of .‘'hale Tar 
(in (iiillnns) 

\ leld of Ammonium 
.‘tuli>hatp (in pounds). 

GrahaniiU* VirRinia) 

17(^ 20() 


Albcrtitf iNew Brunawick) 

00 112 

05 


60-130 


Torbanite (.Scotland) • • j 

90-130 


Coorjjanite (Australia) ... 

80-120 


Pyropksite (Halle, Germany). . 



Lothian shalt (Scotland) ... 

10 r,5 

fl-70 

Kimmeridftc shale (Kn^land) 

10 40 

10 .60 

CooraiiRitie shale (New South Wales) . . 

14 1.60 

20 30 

Orepuki shale (New Zealand) 

20 40 


Albert shale (New Brunswick) 

.30 .61 

07 111 

Arcadian shale (Nova Scotia) 

4 23 

9 40 

Shales (Eastern United States).. . . 

4 4 .6 

0 10 

Utah shales 

fi 10 

40 60 

Colorado and Wyomina shales . . 

10-08 

22 34 


Properties of Shale Tar. Shale tar usually appears black in mass 
with a greenish fluorescence. It is similar in composition to lignite tar, 
although differing from the latter in containing a larger percentage of 
nitrogen (1.1 to 1.5 per cent). Members of the paraffine and olefine 
series constitute 80 to 90 per cent by weight of the tar, and small 
quantities of cresols and phenols are present. 

Dehydrated shale tar tests as follows: 


(Tert 1) Color io Brow»l*h block with • 

freenUih fluorcfoeneo 

(Tort 7> SpedSe iroTity •! 77* F 0.85 O.M 


*‘*Ain«ricatt Petroleum Indurtry.” by Bocon ood lUmor, Vol. 2. p. 832; “Oil lUMurcw of 
Black Shalea of the Eastern United States,” 0. H. Ashley, BuUeiio dil-L, U. 8. Oool. Surroy, 
Wash., D. C., 1917. 
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(Tett 9) Hardneta or oonsiatency 

(Test 16a) Fusing-point (K. and S. method).. . . 
(Teat 16) Volatile matter at 500® F., 4 hra. . . 
(Test 17a) Flash-point (Penaky-Martens tester) 

(Test 19) Fixed carbon 

(Test 21a) Soluble in carbon disulphide 

(Test 216) Non-mineral matter insoluble 

(Test 2U) Mineral matter 

(Tost 22) Carbones 

(Test 23) Soluble in 88® naphtha 

(Test 28) Sulphur 

(Test 29) Nitrogen 

(Test 30) Oxygen 

(Tost 31) Free carbon 

(Tost 33) Puraffino 

(Tost 35) Sulphonation reaulue 

(Teat 37) Saponifiable constituents 

(Test 41) Diaso reaction 

(Test 42) Anthraqainone reaction 

(Test 43) Liebermann-Storch reaction 


Salve-like to buttery 

.... 60-90® P. 

80-90% 

20-60® F. 

6-10% 

98-100% 

0-2% 

0-1% 

. . . 0-2% 

95-100% 

.. 1.5-2 6% 

Tr.-1% 

.... 1-5% 

.... 0-2% 

.... 5-15% 

.... 1.5-35% 

.... 0-2% 

. . Yes 
.... No 
. .. No 


The percentage of phenols contained in the shale tnr is very much smaller 
proportionately than that prewnt in peat or lignite tars. Shale tar is distinguished 
from the latter by containing larger percentages of nitrogen and sulphur, and 
amallor percentages of oxygen, paraffine and phenols respectively. 


Refining of Shale Tar. Shale tar may be distilled either inter- 
mittently or continuously. In cither case the process consists in heating 
the tar in a still to expel the moisture, whereupon either plain or super- 
heated steam is introduced through a perforated pipe under a pies.surc 
of between 10 and 40 lbs. The tar is evaporated to dryness and the 
following products separated: 

(1) Non-condcnsable gases ranging from 1 to 2 cu. ft. for each gallon 
of shale tar. 

(2) Light naphtha having a specific gravity of 0.74 to 0.76. 

(3) So-called once-run oil ” or “ green oil ” representing the 
fraction between the light naphtha and coke. 

(4) A residue of coke approximating 3 per cent by weight of the 
shale tar. 

The steam is shut off towards the end of the distillation, after the 
“ once-run oil ” lias passed over. 

The stills used in Scotland are of the vertical type from 2000 to 2500 
gal. capacity, constructed of a hemi-spherical cast-iron bottom, and a 
soft malleable-iron cylindrical body to which is attached a dome-shaped 
top bearing the exit pipe. Each still is connected with its own condenser. 

In the continuous distillation process tenned the “ Henderson Proc- 
ess*** a battery of three horizontal stills and one vertical pot-still is used. 
The tar is first led into the middle still where the naphtha is distilled off, 


> Eng. Pat. No. 13,014 of 1885. 
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and the residue caused to flow continuously into the two side stills. 
These are heated higher than the centre still, causing the one-run oil 
to distil over continuously. (See continuous distillation of petroleum, 
p. 273.) The residues from these second stills are led into the pot- 
still, where they are evaporated to dryness, the distillate l)eing condensed 
and united with the once-run oil. Several pot-stills are used, since the 
red-hot coke must be allowed to cool before it can be removed, which 
prevents this part of the process being continuous. 

The once-run oil is refined by agitating it with sulphuric acid at 100® 
F. by compressed air. The acid sludge is run off, the oil washed with 
water, and then treated in another agitator with caustic soda in a similar 
manner. 

The refined once-run oil is fractioned either by an intermittent or 
continuous steam distillation process, the following products being 
recovered : 

(1) Heavy naphtha varying in gravity between 0.75 and 0.77. 

(2) Illuminating oil, varying in gravity between 0.78 and 0.85, and having a 
flash-point of 125® F. 

(3) Intermediate or gas-oil varying in gravity l)ctween 0.85 and 0.87, and 
having a flash-point higher than 150® F. ^J'his is used for manufacturing water- 
gas or enriching illuminating gas (p. 231). 

(4) Lubricating oil having a gravity from 0.87 to 0.01. 

(5) Crude paraffine wax which is purified by re-crystallization or “sweating," 
having a fusing-point between 110 and 130® F. 

(6) Still grejise, which represents the distillate passi.ig over at the close of 
the distillation. 

The various distillates, with the exception of the still grease are 
refined further with sulphuric acid and caustic soda, similar to the method 
used for treating the once-run oil. I’he enuie paraffine wax is refined 
by the sweating process as described on p. .’^)7. 

The following yields are obtained from Scotch shale tar: 

Heavy and light naphthas 3-^% 

Illuminating oil 20 30% 

Intermediate or gas-oil . . 10-25% 

Lubricating oil 1.5-20% 

Soft paraffine scale 3 5% 

Hard paraffine wax 7 -9% 

Non-condensable gases .... 3 5% 

Acid and soda sludges and losses 20'2fi% 

The acid and soda tars obtained from the various refining processes 
are mixed together in such proportions that the free acid and alkali 
will exactly neutralize each other. The resulting sludge is ordinarily 
used as fuel for the stills, but experiments have been made to convert it 
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into pitch suitable for use as a wood preservative, pipe-dip, or the base of 
bituminous paints. Comparatively little has been accomplished in this 
direction, probably due to the fact that other products are available 
for these purposes, costing but little more and possessing superior weather- 
resisting properties. “Shale-tar pitch, is very similar in its physical 
properties and composition to lignite-tar pitch (see p. 215). 



CHAPTER XVII 

COAL TAR AND COAL-TAR PITCH 

Under the headings ** Coal tar " and ** Coal-tar pitch will beincl uded 
the tars and corresponding pitches recovered as by-products from bitu- 
minous coal in: 

(1) Gas works; 

(2) Coke ovens; 

(3) Blast furnaces; 

(4) Gas producers. 

Water-gas tar and water-gas-tar pitch have been included by some 
writers within the scoi)e of tlie tenns coal tar and coal-tar pitch respec- 
tively, but in this treatise they will be considered separately since they 
differ in their composition and properties, due to the use of petroleum 
products in their manufacture, as descril)ed on p. 258. 

It is estimated that of the total production of coal tar in the United 
States in 1916 (about 225,000,000 gal.), 22 per cent (or 50,000,000 
gal.) was obtained as a by-proiiuct in the njanufaclure of coal gas 
in gRs-works, and the balance as a by-product from coke ovens. The 
amounts obtained from gas producers and blast furnaces are practically 
negligible. The three main sources of coal tar in the order of their 
importance are: first, coke-oven coal tar which is continually increasing 
in quantity; second, horizontal retort gas-w’orks coal tar, which has not 
materiaUy increased during the past few years on account of the growing 
popularity of water gas; and third, a comparatively smaller, but gradually 
increasing amount of vertical retort gas-works coal tar. 

Bituminous coals only are suitable for the production of coal tar. 
Cannel and anthracite coals will not answer, since the former distils 
at too low a temperature, and the latter contains insufficient volatile 
matter. Experiments show that cannel coals from Missouri and Illinois 
on distillation yield 28.1 to 69.7 gal. tar and 3500 to 8100 cu. ft. rich 
gas per ton. Between 450 and 500® C., the maximum gasolene is pro- 
duced, between 550 and 650® C., the maximum kerosene, and above 
650® C. soft paraflfines, heavy lubricating oils, kerosene and asphalt- 
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like bodies.* Bituminous coals are known as gas coals ” when used 
for manufacturing illuminating gas, and “ coking coals when used for 
coking. Western Pennsylvania, West Virginia, Virginia, eastern Kentucky 
and Tennessee produce most of the bituminous coals used for these pur- 
poses, and they comply with the following characteristics: 


Air-dry Iom of eoarsc matprial 1 -5% 

Moifture at 105* C. (powdered material) 1. 5-7.0% 

Volatile matter on ignition 20 -40% 

Fixed carbon 50 -75% 

Aah t Leaa than 15% 

Sulphur Lew than 2% 

Hydrogen 4.5-5 6% 

Carbon 65 -85% 

Nitrogen 1 -2% 

Oxygen 5-15% 


Very little is known regarding the chemical composition of the bitu- 
minous coal itself, due to the difficulty in converting the coal into recog- 
nizable derivatives, and because of its slight solubility in the usual 
solvents for bituminous materials. On subjecting coal to high tempera- 
tures, the bodies present decompose into simpler substances which fail 
to give any clue as to their original structure and composition. Decent 
researches lead to the conclusion that coal is essentially a conglomerate 
of cellulose decomposition products admixed with altered resins and 
gums originally present in the plants from which the coal was derived. 

The substances having the highest solvent action are pyridine,® which dissolves 
15 to 35 per cent by weight of bituminous coal; aniline,® which dissolves 20 to 
40 per cent; phenol,® which extracts 25 to 40 per cent at a temperature of 110® 
C.; and quinoline,® which extracts 30 to 50 i)er cent at its lx)iling-point. Anthra- 
cite coal is scarcely acted upon by these solvents.® 

A method has recently been devised for converting coal into soluble derivatives® 
by subjecting the finely pulverized coal suspended in water to the action of ozone 
at room temperature. It is stated that at the end of two days, 92 per cent of 
the coal dissolves, forming a solution having a dark brown color. It would seem 
that some very promising results may be obtained by this method. 

It has been shown * that the soluble portion of bituminous coal when subjected 


i"Studi«a in tho Production of Oils and Tars from Bituminous Materials,” J. C. Ingram, 
6. of M. and Metallurgy, Univ. of Mo., Bull. 4, Vol 3, May, 1017. 

* Bedion, J. Soe. Chem. Ind , 18, 739. 1899; Baker, J Soc Chrm. Ind , 10, 789, 1901; 17, 147, 1908; 
"The Action of Solvents on Coal," AnunymouM, J Soe. Chem. Ind, 18, 1130, 1916, A. Wahl, "Th- 
Solvents of Coal,” Bull. Soc. Chim , 11, 76, 1917. 

* Vignon, J. Soc. Chtm. Ind., St, 633. 1914. 

* Frsser and Hoffman, Tech. Paper 5, Bureau of Mines, U. S. Dept, of Interior, Wash., D. C., 
1012; Parr and Hadley, J. Soc. Chem., Ind. 84. 213. 1915. 

• Vignon, J. Soe. Chem. Ind., 88, 633, 1014. 

• J. Soe. Chem. Ind., 88. 634. 1917. 

T Frans Fisher. Ber., 48. 1472, 1016; Sngtneerinff, 108. 206, 1917; 7. Ind. Eng. Chem., % 
620, 1017; Chem. Ahe., 11. 1739. 1017. 

• aarka, Wheeler and Platt. CAem. Soe, Trane.. 108, 1713, 1913; J. Soe. Chem. Ind., $t 
m 1013. 
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{o destructive distillation yields petroleum-like bodies, whereas the insoluble portion 
yields phenols and their derivatives.* 

D. T. Jones* examined the tars derived from the destructive distillation of 
bituminous coal in vacuo at very low temperatures (below 450® C.). These were 
then subjected at atmospheric pressure to successively incrciised temperatures up 
to 800® C. Unsaturated hydrocarbons, naphthenes, paraffines, phenols, aromatic 
hydrocarbons and pyridines were found to be present in the low-temperature Ur, 
whereas benzol and its homologues, naphthalene, anthracene, phenanihrcne and 
the solid aromatic bodies were absent. As the temixjraturo wjis increased, the 
naphthenes, paraffines, and unsaturated hydrocarbons were transformed into olefines. 

As the temperature was further -increased, the olefines were in turn transformed into 
benzene and its homologues. The percentage of olefines appears to reach a maxi- 
mum at 550® C., and a minimum at 750® C., at which latter tcmt)erature hydrogen 
and naphthalene are rapidly evolved, as well as methane. The conclusion n*ached 
is that ordinary coal tar obtained from bituminous coal at high temperatures results 
chiefly from the decomposition of the tar previously formed at lower temperatures. 

The commercial processes for obtaining coal tar will now be considered. 

Production of Gas-works Coal Tar. In manufacturing illuminating 
gas, bituminous coal is heated in comparatively small fire-clay retorts, 
of D-shaped, oval or round cross-section about IG to 24 in. in diame- 
ter. The D-sha{)e(l retort is ordinarily used in mo(Ic»’n gas-works because 
it is least liable to distortion under the action of heat, and morx^over 
presents the greatest area at its base, enabling the contents to bo 
heated more rapidly. In some cases the retorts arc “ single-ended," 
measuring 8 to 9 ft. in length, but modern practice favora the use of 
" double-ended " retorts compo.sed of three sections joined together, 
metisuring 15 to 25 ft. over all. In the single-ended retort a metal nmutb- 
piece is liolted to one end, to which in turn the g«'is outlet pipe is fjist- 
ened. With the double-ended retort, metal mouth-pieces are bolted fast 
to lx)th ends. From 6 to 9 retorts arc set together in a common brick 
setting, constituting a “ bench " which is heaU‘d by a single furnace. 

The retorts are supported in either a horizon ;al, inclined or vertical 
position. The inclined or vertical retorts sc-em to meet with greater 
favor since they avoid overheating, prevent the formation of “ free 
carbon " in the tar, and at the same time pennit the coke to be handled 
by gravity. The vapors le^ive horizontal retorts at (HK) to 800® F. and the 
vertical and inclined retorts at 3(X) to 4(K)® F. 

The retorts arc heated with water-gas obtained by passing air and 

‘Sec also Joiifi tnd Whc<’I»’r, Chtm Soc. Tram, 197, 1318. lOI/i, J Soe. Chem. Ind., $ 4 , 
1043, 1915. 

* "Th* Thfrinal Decomposition of Ixjw Tcmpcrnlurc Conl-tar,'* J. Sac. Chem. Ind, M. 3, 
1017; tee Also “The Primary Volatile Product* of the Cart>oiiu»tioa of Coal." by H. C. Porter, Chem. 

11. 2537, 1917. 
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steam through incandescent coke beneath the ‘‘ bench/' The coke used 
for this purpose is derived as a residue from a previous charge of bitu- 



minous coal, amounting to 15 to 25 per cent of the total coke produced. 
The water-gas is burnt in flues surrounding the retorts and the process 
of combustion controlled by the introduction of air. This metbod of 
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firiDK WBulta in a higher and more uniform temperature with the minimum 
consumption of fuel. The temperature in the combustion chamber 
ranges from 2800 to 3200® F., and in the flues surrounding the retorts 
from 1900 to 2200® F. An improved installation of horizontal retorts 



is shown in Fig. 86, inclined 
retorts in Fig. 87, and vertical 
retorts in Fig. 88. Continuously 
operating vertical retorts are now 
being adopted extensively, in 
which the coal is fed through 
the retort in a constant stream, 
the coke being withdrawn con- 
tinuously at the bottom. These 
include the Woodall-Duckham 
and Glover- West types. 

Formerly the retorts were 
charged and discharged by hand, 
using a shovel and rake respect- 
ively. Mechanical devices are 
now used for the purpose, the 
double-ended horizontal retorts 
l)eing charged at both ends with 
a scoop fed from an overhead 
hopper, operated either Ijy com- 
pressed air or electricity. Al)out 
600 lb. of coal are introduced 
into the double-ended retort, and 
subjected to heat from 3 to 6 
hours. The inclined and vertical 
retorts are charged through the 
top and discharged by gravity 
from the lower end. Horizontal 
retorts are discharged by a 


From “Coal tod Cok«,” by F. H. Wafn«r. 
Fio. 87. — Inclined Gas-Works Retort. 


pneumatic or an electrical driven 
ram, which forces out the coke 
at the farther end. Inclined 


retorts are set at an angle between 26 and 35® which is sufficient to 
enable the coal to feed into the lower end, where it is held in pla^ 
by a metal cover. In the inclined and vertical types the volatile constit- 
uents are withdrawn from the upper end. 

The vapore are subjected to the highest temperatures m the hori- 
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zontal retort, due to the longer contact with the heated internal surfaces, 
which results in a larger percentage of free carbon, and a tar of higher 
specific gravity. 

Methods of Recovering Gas-works Coal Tar. The volatile products 
pass from the retort into the hydraulic main (see p. 174), which forms a 
water-seal, permitting any retort to be charged, and at the same time 
preventing the gas generated in the other retorts escaping through the 



Fig. 88.“Vertical Gas-Works Retort. 


open one. The hydraulic main reduces the temperature of the vapors 
to 130 to 160® F. 

The methods for separating tar from the gaseous constituents have 
already been described on page 174. After leaving the hydraulic maiir~ 
the vapors are subjected to the following treatment in modern gas-works: 

(1) The gasea are passed through a “primary condenser” which may either be 
air-cooled or water-cooled, or both (see p. 175). 

(2) The gases are then passed through a tar-extractor, usually of the P. A A. 
type (Fig. 69). 
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(3) Next passed through an exhauster <o relieve the pressure on the retorts 
and force the gases through the ensuing train of apparatus. 

(4) The gases are next passed through two "scrubbers” (p. 177), preferably 
of the rotary type illustrated in Fig bo In the first scrubber the gases are washed 
with a heavy tar oil, such as anthracene oil, to remove the naphthalene, and in 
the second with an alkaline solution of ferrous sulphate to remove the cyanogen 

(5) I'he gases are then cooled to aliout CO" F. by passing them through a 
"secondary condenser," similar to the first one. 

(6) The ammonia is next removed by pas.sing the gases through a third scniblier 
tSraugh which a stream of water is allowed to trickle Formerly a tow'er 8crul)l)er 
filled w’ith a checker-work of wooden l)oards (Fig 63) was used for this purfKise, 
but this is lieing replacc<l b> a rotiiry scrublier similar to that u.sed for extra(*ting 
the naphthalene and cyanogen 

(7) The last stop consists in passing the giuses through a series of "purifiers," 
consisting of low cylindrical chamljers filled with trays or sieves. iSoinn of the 
purifiers are filled with slaked lime to rcunove carl)on dioxide and a [lorfion of 
the sulphur conifioiinds, and others with iron o.xide to remove the remainder of 
the suljihur comtiounds (mo.stly hydrogen sulphide). 

The following porcentagos of tar are colloidod from the hydraulic 
main, condon.sor, wtush(*r and scrubhor, tilso tlic tar extractor respectively: 

llydrtiulic main 01% 

CorulcnjkT , 12% 

W’anlnT amt (scrubber ]!)% 

Tar extractor 12%, 


Total 100% 

'I'he oiH'rations which take place in the final handling of illiiruinaling gas 
before it entei-s the mains, cea,sf‘ to l>e of interest in relation to tlie pro- 
duction of tar, and will accordingly U* omitted. 

In the Tnited States, temix‘ratut(*s to which the retorts are heated vary 
from 9()0 to 1500° C\ Between 9(K) and HKK)° (\ is known as low tem- 
perature treatment, from KKK) to 1100° (\ medium temperature, and from 
1100 to 1500° C, high tempt'rature treatment. In England the average 
temperature is 1100° ('. In (lermany horizontal retorts are heated 
’oetween 1000 and 1100° (\, and inclined retorts between 1 HK) and 1200° (\ 
The quantity and yield of the tar dei)en<l largely ujion the temperature 
(see p. 108). In the low temperature prcxluction of illuminating gas, 
an average of 16 gal. of tar is produced per ton of coal, and in high 
temperature processes an average of 8. The maximum variation ranges 
between 4 and 20 gal. of tar per ton. High-temperature processes are 
preferable, as they inereiise the yield of gjis, but have the disadvantage of 
reducing its illuminating power. It is often necessary, therefore, to enrich 
the illuminating gas resulting from the high tem[)erature processes by one 
of the following methods: 
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(1) Heating the gas with a portion of the tar recovered during 
its manufacture, either by passing both together through superheaters, 
or elsf? cracking the tar alone and then mixing the resulting pennanent 
gases with the low illuminating power coal gas. 

(2) -Mixing the coal gas with oil gas obtained by cracking crude 
petroleum at a high temperature. (See p. 259). 

(3) Saturating the coal gas of lower illuminating power with vapors 
of volatile hydrocarbons such as IhjuzoI, etc. 

(4) Mixing the coal gas with carburetted water gas. (See p. 250.) 

The following represent the yields from an average grade of bituminous 

coal in manufacturing illuminating gjis. 

Gm 

Aqueoua liquor 

T»r 

Cok.. .. . 

Total 100% 

Of course, these figures are suliject to variation, and depend upon 
the quality of bituminous coal used, the tcmperatuie at which it is dis- 
tiUed, etc. Thus the yield of gas per ton of rich coal will vary from 
5000 to 15,000 cu. ft., ajul the residual coke from 55 to 75 per cent. 

The illuminating power of the gas (leixmds upon the (piantity of hydrocarbons 
present, including both unauturated and saturated. 'I'he liydrogen and carbon 
monoxide act as coinl)UStible diluents, and do not contribute to the luminosity 
of the flame. The carbon dioxide, nitrogen, and oxygen may \)C regarded as im- 
purities. The chief unsaturuted hydrocarlxins prv'sent are ethylene, butylene, acet- 
ylene, benzol and naphthalene, and the chief saturated hydroearl )ons are methane 
and ethane. In certain ciuses Ixmzol is extracted from the <‘oal gas, l)eing marketed 
as "gas-benzol,” which constitutes u most valuable raw material for manufacturing 
coal-tar dyes, chemicals and drug.s. High-grade ga.s coal yields approximately \ to 
1 per cent by weight of gas-l)enzol, equivalent to 2-3 per cent by weight of the 
coal gas.^ 

The aqueous liquor, known as "gas liquor,” contains a series of ammonium 
compounds dissolved in water, including the sulphide, cnr))onate, chloride, thio- 
cyanide, sulphate, thiosulphate and ferrocyanide. The ammonia is derived from 
the nitrogen in the coal, only part of which is carried in the aqueous liquor. The 
ollowing table will give a general idea of the distribution of nitrogen among the 
various products of destructive distillation: 

Nitrogen in gM 

Nitrogen in iqueoua liquor 

As ammonia 

Aa oyanidee 

Nitrogen in tar 

Nitrogen in ooko 


0 72% 

14 50% 

1 56% 
34 .’>4% 
48 68% 


17% pO.OOO cu. ft ) 

8% 

5% 

70% 


tAwplebee, J. 8oc. CAm. Ind., U, 035. 1017. 


100 . 00 % 
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The tar collecttHl from the hydmulic main, condenser, washers and 
scrubbers ife run into wells constructed of metal or masonry, sometimes 
heated witli steam-coils (p. ISl) and allowctl to settle as long as possible, 
to pennit the aqueous licjuor, which is lighter than the tar, to rise to the 
surface, where it is dmwn off and treated sejwmttcly to recover the 
ammonium conifwunds. The woll-settle<l gas-woiks tar carries l)etween 
4 and 10 per cent of water. In exceptional cases the w'ater may run as 
high as 40 j)er cent, although this is not ix'garded with favor. The settled 
tar is shipped direct to the distilling plant, where it is dehydnilcd. 

Production of Coke-Oven Coal Tar. As statofl previously, al)Out 78 
per cent of the coal tar prtxluced annually in the United States is 
obtained from coke-ovens ccpiippcd to recover by-prodticts. This only 
represents l>ctwecn 40 and 50 i'it cent of the total (plant ity of bitimiin- 
ous coid converted into coke. The remaining 50 to 60 per cent is 
coked in brick “ beehive ’’ ovens, constructed in the fonn of a beehive, 
and not adapted to recover the gas, ammonia or tar, which are allowed 
to burn away through an o|)ening in the top of the ov(mi, thus constitut- 
ing a reckless waste of our national resources, running into many millions 
of dollars annually. For years this wiusteful practice remained unchecked, 
hut happily the present tendency is to replac(‘ the Ix^hivc ovens with 
ty|)es adapted to recover by-products, and it is jirobably only a matter 
of a few years more liefore all the coko-ovc'iis will l)ee(pnpp('d to rctjovcr 
the gas, ammonia and tar. 

In European countries, on the other hand, when; the (enderuy has 
always l)een towards a greater economy, coke-ovens have long l)een 
perfected to recover these by-products. In this connection it must be 
borne in mind, whereas it is absolutely necessary to remove the tar in 
manufacturing coal gas for illuminating puri) 08 e 8 , this docs not prove to 
be the case where the coid is converted into coke for metallurgical indus- 
tries. This, and the comparative cheapness of bituminous coal in the 
United States, also the low price commanded by the by-products until 
recently, will account for the laxity in conserving them. 

The annual output of tar from by-product coke-ovens in the United 
States is given in the following figures: 


J907 53,905,795 gallons 

PK)8 42,720,609 “ 

1909 60,126,006 » 

1910 66,303,214 “ 

1911 69,410,699 “ 

1912 94,306,583 " 

1913 . . 115,145,025 « 
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1914 109,901,315 gallons 

1916 138,414,601 

1916 (estimated) 175,000,000 “ 

1917 (estimated) 250,000,000 “ 

The by-product coke-ovens now used in the United States include 
the Koppcrs, Semet-Solvay, United-Otto, and Otto-Hoffman types. 
The Simon-Carv^s coke-oven is used to a large extent abroad, in addi- 
tion to the foregoing.^ 

The temperature of coking varies between 1000 and 1200® C., and 
rarely above the latter inside the retort. The external temperature of 
the retort may run as high as 1700® C. According to White,^ the adapta- 
bility of coal for coking purposes is indicated with a fair degree of cer- 
tainty by the ratio of hydrogen to oxygen, together with the percentage 
of fixed carbon calculated on the moisture-free basis. Practically all 
coals with an H : 0 ratio of 59 per cent or over, and less than 79 per cent 
of fixed carbon, possess that quality of fusion and swelling necessary 
to good coking. Bituminous coals with a ratio down to 65 will produce 
a more or loss satisfactory coke but coals with a ratio as low as 50 are 
unsuitable for coking purposes. 

The present systems of by-product oven construction resolve them- 
selves into two types depending upon whether the flue construction is 
horisontal or vertical. In either types the coking takes place in a narrow, 
retort-shaped chamber about 33 ft. long, from 17 to 22 in. wide, and 
about 6J ft. high. The width of the chamber averages 19 ft., which has 
proven suitable for completing the coking within 24 hours. The retort 
holds between 12 and 14 tons of coal. 

The ends of the retort are closed by means of iron doors lined with 
fire brick, which after being closed as tightly as possible are luted with 
clay to prevent the entrance of air. The coal is charged into the top 
of the oven, then pushed into place and leveled by mechanical devices. 
At the end of the coking, the doors are opened and the coke removed 
by a ram, the red-hot coke being immediately quenched with water. 

The number of ovens in a battery varies between 40 and 100, depend- 
ing upon the type of construction. The oven walls are constructed of 
fire brick containing about 95 per cent of silica, which on account of its 
very high fusing-point enables the ovens to be worked at high tem- 

i**Cok*<«T«a Tut ol tlM United SUtee," by PriTott Hubbud, Circulu 07, OAee of Public 
Roedif U. 8. of Agr., Weih., D. C., Feb. 7, 1013: “By-producte Recovered io the Menu- 
Utetuie of Coke." by W. H. Childc, Aeur. Iron and Sfttt Intt., N. Y.. Mty 20. 1010. 

• ••The Meet of Oiygea oo Cotl." Bulletia No. 30, Bureeu of Mitee, Wuh., D. C., 1916. 
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peratures, and at the same time proves to be an excellent conductor of 
heat.‘ 

The coking in the by-product oven is in reality a destructive dis- 
tillation process, the heat required being supplied by burning a portion 
of the gases evolved. A large excess of gas is produced amounting to 
between 40 and 60 per cent of the total. 

The following is a brief description of the more important types of 
by-product coke-ovens used in the United States: 

Semet-^olMy Coke^'oi. This is composed of a vertical retort heated on either 
side by sectional koriiontd flues, in which the gases undergo combustion. The 
flues are constructed in small units which dovetail together, and constitute the 
lining of the retort, thus providing a rapid transmission of heat through Uie walls. 
The gases circulate from the top downward, as illustrated in Fig. 89. The gases 



Fio. 89. — Semet-Solvay Coke-oven. 


for combustion are introduced into the horizontal flues alternately from opposite 
sides, and at the same time mixed with air pre-heated by regenerators located in 
the base of the oven. The illustration shows a section through a heating flue, 
including one of the regenerators (the other not being shown). ITie products of 
combustion pass out through one of the regenerators into the stack. The other 
regenerator (not shown) is used for preheating the air to 1200-1400* F. After a 
time the paths of the gases are reversed, air being passed through the regenerator heated 
by the products of combustion, and vice- versa. Between 10,000 and 1I,(X)0 cu. ft 
of gas ore obtained per ton of coal, likewise 20 to 25 lb. of ammonium sulphate, 
and 9 to 10 gal. of tar. About half the gas is used for heating the retort, and 
the balance elsewhere for heating or illuminating purposes. 

Otto-Hoffman Cok^ven. This oven, as modified by Dr. F. Schneiwind, is 
illustrated in Fig. 90. The beating is eflected by veriieal flues on either tide of 
retorts (1) which are separated by hollow walls divided into 10 combustion ebambtri 

> J. W. Cobb. /. Chtm. M., M, 526, 1917. 
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(2), each containing 4 vertical flues (3). An air-chamber (4) runs lengthwise under- 
neath the floor of each retort passing through the openings (6) into the com- 
bustion flues (2). The air is pre-heated to 1800® F. by a pair of regenerators (7) 
operating alternately, and passed through the flue (5) into the air chamber (4). 
ITie gas for combustion is introduced through the pipe (10) into the combustion 
chamMr (2). The products of combustion pass into the horizontal flue (9), then 
downward through the flues (not shown) corresponding to (3), but on the other 
side of the oven, through the regenerator (7), and thence into the chimney (not 



discharging 

Door 


From "Coal oiid ('okc," by F. JI. WuKner. 

Fio. 90. — Otto-HofTimui ('okc-oveii. 


ehown). When the temperature of the regenerator (7) used for pre-heating the 
air falls to 1300® F., the passage of gsises is reversed. 

The following yields per ton are recovered; 


Ou 15 0-10,0% (8.500-10.500 cu. ft.) 

Ammonium tulpbnte 0 8-13% 

Tnr 3 0- 6.4% 

Coko 70 0-75.0% 


Approximately 20 per cent of the nitrogen present in the coal is converted into 
ammonium compounds, part of which is found in the tar as pyridine, quinoline, 
etc. About half of the nitrogen remains in the coke, and may be regarded as lost. 

United-Otto Coke-oven. This is a modification of the Otto-Hoffman type, em- 
bodying the Hilgenstook principle of heating with vertical flues in conjunction with 
longitudinal regenerators (a) located underneath the retort (6), as illustrated in 
Fig. 91. The gas is introduced through one burner for each two vertical flues. 
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The heating is made uniform by oporaUng the bumew alternately in aeto of four 
on opposite sides of the retorts. I'hus gas is introduced into the first four burners 
on the right-hand side of the retort, the serond four on the left, the tliird four 
on the Hght| and so on. 1 he products of combustion {>ass out at the aide opposite 



the burners, the re>iK*(tive paths Uung reversed from time to time. The yields 
from the I'nited-Otto <ivon coro'Xfwnd very closely with those obtained from the 
Otto-HolTinan type. 

Koi,im',s (’okv-^wcN. 'rhis oven is illustratetl in Fig. 02, the left-hand portion 
representing a .section through the heating flues, and the right, a aertion through 
the retort. The oven is heated by a set of vertical flues in the side walls, the 



From “Cosl and Coke.” by F. H. Wagner. 
Fm. 92. — Kof»jH*rH CokeH)ven. 

heating gases and products of combustion resfiectively being passed through half 
the number alternately on each side and in opposite directions. The beating gas 
is admitted into a duct below the flues, and the air for combustion passes frani 
the regenerator chambers directly into the vertical flues where it enoounters the 
gas and undergoes combustion. The products of combustion travel upward in 
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one bal! of the oven and downwards in the other half, iKuning through the regen- 
erators and thence into the chimney. Each oven is provided with two regenerators. 
The average yield in per ton of coal is as follows: 


Qm 11,000 cu. ft. 

AmmooiuiD tulpbAte 20 lb. 

13 4 g»l. 

Cokt 72% 


Production of Blast-furnace Coal Tar. Most blast-furnaces in the United States 
employ coke as fuel and a few use anthracite coal. Since all the volatile con- 
stituents have been removed from coke, and as anthracite coal contains only a 
very small percentage, no tar is obtained when either of these is used for smelting 
ores in blast-furnaces. In such cases the gases evolved are subjected to a puri- 
fication process merely to remove the entrained dust, before using them for heating 
purposes. 

Owing to the scarcity of anthracite and the high cost of bituminous coal in 
Europe and Great Britain, there is a tendency to reduce the operating expenses 
by using the latter in its raw state, without first 
converting it into coke. A non-coking bituminous 
coal must be selected for this purpose. In such 
cases the gases emanating from the blast-furnace 
carry a certain amount of tar, derived from the 
volatile constituents of the coal, which must be 
removed before they can be used for heating or 
power purposes. The gases also carry a com- 
paratively large amount of dust derived from the 
ores in the blast furnace, of which a good portion 
is removed by passing the hot gases through a 
device illustrated in Fig. 93, known as a “dry 
dust catcher.” The gases entering the side of 
the catcher are given a rotary motion and their 
velocity reduced, whereupon they pass out at 
the top. This permits much of the dust to 
Fio. 93. Blast- 1* *imace Dust settle to the bottom, where it is emptied from 
Catcher. ^ through a “spectacle valve.” 

Other, and more complicated forms of dry 
dust catchers are also used for the purpose, but all depend upon three factors, viz. : 

(1) Changing the direction of the gas current. 

(2) Impinging the gas against solid surfaces. 

(3) Reducing the velocity of the gases. 

Methods or Recoveririg Blast-furnace Coal-Tar. After being dry-cleaned, the gases 
are subjected to a wet-cleaning and cooling process by passing them through any 
of the types of cocders, scrubbers, or washers described on pages 174-179. The 
oentrifugal washer is usually preferred as it operates rapidly and economically. 
A part of the tar condenses in the coolers, and the balance in the scrubbers and 
wa^rs. It carries a large quantity of the wash water, which may be separated 
by any of the means described on p. 180. 

According to Lunge ' approximately 7 gal. of blast-furnace tar and 20 lb. of 
jp^iponiiim sulphate are obtained from each ton of bituminous coal fed into the 

Tn Ammo&is." New York, 1016. 
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bhst-fuiTiaoe. It appears that the iron ore and other minerals introduood with 
the coal influence the yield of tar. Thus the same bituminous coal gare the fol* 
lowing weights of tar per ton under varying conditions: 


Distilled aloDe in fss works 914 Ih. <4 Ur 

Distilled with English iron ore S6 Ib. ol Ur 

Distilled with sand. 170 lb. of ur 


The t^ derived from blast-furnaces always carries a substantial proportioB 
of mineral matter, which the dust catchers fail to remove, and which serves to 
distinguish it from the other varieties of coal tar. 

Production of Producer-gas Coal Tar. Unless the producer-gaa plants 
are of a large capacity (above 4000 horse-power) it doca not pay to 
recover the by-products. The smaller producers are designed to decom- 
pose the tar vapors and convert them into permanent gases, to avoid 
the expense of operating a tar-separating plant on one hand, or the 
trouble occasioned by the tar clogging the pipes and valves on the 
other. When anthracite coal or coke is used as fuel, no tarry vapors are 
produced. 

From the standpoint of tar recovery, producers may be divided into 
three classes, viz.: 

Type 1. Where the fuel travels in one direction, and the air and itetun to- 
gether in the opixwite direction. This is usually accomplished by introducing the 
fuel at the top, and both the steam and air at the Iwttom of the producer. 

Type 2. Where the fuel, air and steam all travel in the same direction. This 
may be accomplished by intixxlucing all three either at the top, or at the bottom 
of the producer respectively. 

Type 3. Where part of the air travels in the same direction aa tte fuel, and 
the balance of the air together with all the steam in the opposite direction. In 
this type the exit for the vapors is in the centre of the producer, the fuel and 
part of the air being introduced at the top, and the steam with the balance of the 
air at the bottom. 

In all three types, four rones are distinguished, vir.: 

(а) The ash rone, which represents the fuel after aU the carbonaoeouf material 

has been consumed. ... 

(б) The combustion rone, where the heat required for gasifleation is generated 

by the conversion of carbon into carbon dioxide. In this rone the highest tem- 

perature is attained (about 2100" F.). 

(c) The decomposition rone, where the intersection takes place between the 

steam and incandescent carbon, yielding hydrogen and carbon monoxide, and where 
the carbon dioxide generated into the oomburtion rone wmbines with incandewsent 
carbon and is converted into carbon monoxide. In this rone the temperature it 
in the neighborhood of 1800" F., and aU the carbon is consumed. 

(d) The distillation rone, in which the raw fuel (e.g., the bituminous ood) 

undergoes partial distillation in consequence of the heat emanating from the de- 
composition rone (c). 
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In type 1 the ash zone is at the bottom, and the combustion, decomposition 
and distillation zones superimposed one above the other, in the order mentioned. 
Since the vapors are drawn off at the top it follows that the tar does not suffer 
decomposition. 

In type 2 the distillation zone is at the top, the combustion zone directly beneath 
it, the decomposition zone still lower down, and the ash zone at the bottom of 
the producer. As the vapors are drawn from the bottom, the tarry matter gen- 
erated in the distillation zone is forced through the entire column of incandescent 
fuel, and as a result is partly “cracked” into permanent gases, and partly burned 
into carbon dioxide which in turn is converted into carbon monoxide. 

Type 3 is a combination of the other two, having two combustion zone.s, the 
upper part acting os a generator, and the lower as a producer. The distillation 
zone at the top is followed lower down by the first combustion zone, then the 
second combustion zone, and finally the ash zone at the bottom. The decompo- 
sition zone is in the centre, between the two combustion zones. In this type the 
tarry vapors evolved in the distillation zone are partly consumed by the incan- 
descent fuel in the combastion zone directly beneath it. This producer is also 
used for treating fuels containing a large percentage of volatile matter, including 
peat and lignite (p. 172). 

When ordinary bituminous coal is used as fuel, tarry matters are produced in 
Type 1, but not in Types 2 and 3, and the u.se of tar separators becomes super- 
fluous in the two last named. When peat (p. 201), lignite (p. 209), pyrobituminous 
shales (p. 216), and certain “highly volatile” bituminous coals are used as fuel, tar 
is generated in all three types, but to the greatest extent in Type 1, and must 
accordingly be separated from the gases. 

A representative Type 1 producer is illustrated in Fig. 94, known as a “suction 
gas producer,” in which the vapors are drawn from the producer by means of a 
chimney or an exhaust fan, or else by the suction induced by the piston of a 
gas engine. The interior of the producer Is maintained slightly Ix'low atmospheric 
pressure. It is constructed of double metal walls (U and C) between which a 
current of air absorbs the heat radiated through the inner shell and enters the 
bottom of the producer through the pipe (/)). The troughs {E) between the walls 
carry water, which is converted into steam by the heat and mixes with the air 
passing through. The bottom of the producer is filled with water {G) in which 
the ashes accumulate. The mixture of air and sU’am enters through the pijK) 
(//), and the combustion zone is protected with a fire-brick lining {B). I'he charging 
lM)pper ( J) is provided with a cover (/C) and a counterweighted valve (L), con- 
structed so that it is impossible to open either one, unle.s8 the other is clo.sed. 
The gas is drawn from the producer through the pipe (.U) and pa.ssed through 
the downcomer (P) leading into the scrubber {N). I’he producer and scrubber anj 
connected with the purge pipe {R) by the water-sealed three-way valve ((>) in such 
a manner that the scrubber cannot be in communication with the purge pipe. 
The scrubber removes the tar and cools the gases, which are used for heating or 
power purposes. 

The tar is removed from the gi\ses by one or more of the devices described on pp. 
174-179. About 90 lb. of water-free tar and 90 lb. of ammonium sulphate are recovered 
per ton of bituminous coal. The tar as shipped, after being allowed to settle, often 
contains up to 20 per cent water. 

Producers of Types 2 and 3 aro illustrated in Figs. 95 and 96 respectively. 
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The Mond by-product gae producer is practically the only one used to any 
extent in the United States for recovering the tar and ammonium sulphate, which 
accounts for the fact that the former is not marketed in commercial quantities. 

Properties of Coal Tars. As stated previously, the expression coal 
tar’* is properly applied to tars derived directly from coal without 



Fig, 96. — Westinghouso Gas-Producer, Type 3. 


admixture of petroleum. Coal tars differ in their physical properties 
depending upon their method of production. ‘ The following tyi)es are 
distinguished: 

(1) Gas-works coal tar 

(а) From horizontal retorts 

(б) From inclined retorts 
(c) From vertical retorts 

(2) Coke-oven coal tar 

(3) Blast-furnace coal tar 

(4) Producer-gas coal tar 

> "Producfr-gaa Power-pUnt Development in Europe," by R. H. Fernald, Bulletin No. 4, 
Bureau of Minec, Wa»h., D. C., 1011. "Coal Gas Residuals," by F. H. Wagnrr, First Edition, 
New York, 1914, "Cleaning of Blast-furnace Oases," by F. H. Wagner, First Edition, New 
York, 1914. "Coal Tar Distillation," by Arthur R. Warnes, London, 1914. "American Coking 
Praetioe Up-tonlate," by C. S. Lomax, Oa» World, f9, 1620, lOl.'S. "Gas Engines and Producers," 
by L. S. Marks and U. 8. MoDewell, Chicago, 1916. "Moilern Gas Works Practice," by Alwyra 
Meade and Stanley H. Jones, London, 1916. "Coal and Cuke," by F. H. Wagner, First Edition, 
New York, 1916. "Blast-furnace Construction in America, " by J E. Johnson, Jr,, London, 1917; 
'^Operation of Gas Works," by W. M. Russell, First E<lition, New York, 1917. 
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The following figures will give a general idea of the physical properties 
of the four main classes of coal tar in their dehydrated state: 



Gas-works 
Coal Tar. 

Coii'-oven 
Coal Tar. 

Blaat-fumacc 
Coal I’ar. 

Produoar-gat 
Cotl Tar. 

(Test 1) 

Color in niaaa. . 

niack 

Black 

Black 

Black 

iTm 2a) Hoinogeaeity to therye 






at room temperature . 

Fine particles 

Fine particles 

Fine particles 

Fine particles 

(Teat 26) 

1 Homogeneity under the 






mieroacope 

Lumpy 

Lumpy 

I.umpy 

Lumpy 

(Teat 7) 

Spgr. at n* F 

1 15-1 30 

1 KK 1 30 

I 15-1.30 

1.15-1.30 

(Test 8) 

Viscosity 

Variable 

Iaiw 

Ixiw 

Low 

(Test 13) 

Odor 

Characteristic 

('haracleristie 

Characteristic 

C^aracteriatle 

(Teat 15; 

Puaing'point 

Helow 25* F. 

Below 25* F. 

Below 25* F. 

Below 25* F. 

(Test 16a) 

Volatile matter. . . . 

25-50% 

3(L4J0% 

30-4H)% 

30-00% 

(Teat 17a) 

Flash-point 

Low 

Low 

I>ow 

liOW 

(Teat 19) 

Fixed carbon . . 

15-40% 

15-40% 

5-25% 

10-35% 

(Teat 20) 

Diat Hint ion teat (do- 






hydrated tar): 






Light oils (up to 






235* C ) . . . 

3-3)% 

I *-3|% 




Middle, heavy and 




anthracene mis 






(235-355* C ) 

15 .30'’' 

20 .35% 




Soft |)itch and loss 






(aboxe 355*0 

60-85% 

5.5-75% 



(Teat 21a) Soluble in carbon i(i- 






sulphide . . 

(M) 95% 

80-97% 

05 80% 

75-90% 

(Teat 216) 

Non-mineral matter in- 






soluble (free carbon) 

5 40% 

3 20% 

10-25% 

10-25% 

(T<-at 21c) 

hfinernl matter 

0 1%', 

0 1% 

10-15% 

0-2% 

(Teat 22) 

Carb«'nea 

0 2% 

0 2%, 

0 2% 

0-2% 

(Teat 23) 

Soluhiliiyin 88®naphthM 

20 40% 

20 40% 

l.V35% 

20 40% 

(Teat 25) 

Water 

Trace 

Trace 

Trace 

Trace 

(Teat 26) 

C.arhon 


88 

93% 


(T<Mit 27) 

Hydrogen 


4 - 

7% 


(Teat 28) 

Sulphur 


0 1 4) 9% 


(Teat 29) 

Nitrogen 


1 0-1 5% 


(Teat 30) 

Oxygen 


1 0-3 0% 


(Teat 31) 

Free carbon . 


(See Test 216) 


(Test 32) 

Naphthalene. . 


3 - 

10% 


(Teat 33) 

Paraffine 


0% 



(Teat 35) 

Sulphonation residue 

0^5% 

0 5% 

5 20% 

0-5% 

(Teat 37) 

Snponihahle 

2- 5% 

2 5% 

2-5% 

2-5% 

(Teat 41) 

Diaio reaction. 

Yes 

Yes 

Yes 

Yes 

(Teat 42) 

Anthraquinone reaction 

Yes 

Yea 

Yes 

Yss 
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J. M, Weisa furnishes the following figures representative of typical coal tars.* 



Gas-works Coal Tars. 

Coke-oven Coal Tars. 


Hori- 

zontal 

Retorts. 

Inclined 

Retorts 

Vertical 

Retorts 

United 

Otto. 

Semet- 
Sol\ ay 

Hoppers. 

(Teit 7) Spufifir gravity at 00“ F 

(Teat 8a) SperiAc Engler viscosity at 

1 260 

1.238 

1.15.3 

1 207 

1 188 

1.186 

212“ F 

21 8 

14 9 

2 1 

3.4 

3 0 

2.1 

(Tost 20a) Distillation test (dehydrated 







tar). 

Distillate by volume to soft 







pitch of 60“ C. fuaing-point 
(cube method) 

13.2% 

14 3% 

28.8% 

21 2% 

21 8% 

.35 3% 

Residue by volume faoft pitch 







of 60“ C. fusing-point — 
cube method) .... 

86.8% 

85 7% 

71 2% 

78 8% 

78.2% 

64.7% 

Refraction index of distillate 


1 ’ 





atOO“C 

1 6032 

1.5807 

1 575.') 

1 .'>087 

I 6122 

1 61.30 

(Test 31) Free carbon (insoluble in bensol) 

28 9% 

14 9% 

2 1% 

3 4% 

3 0% 

2 1% 

(Test 35) Hulphunation residue 

0 4% 

2 4% 

4 3% 

0 0%, 

0 0%, 

0 0% 

(Test 37f) Tar acids in above distillate 

14 0% 

21.0% 

29 0% 

12 O' o 

4 0%, 

0 0 % 


Weiss reports* that giis-works coal tar has a coofliciont of expansion for 1® F, 
(length -1) of 0.00027-0.00032 and coke-oven coal tar 0.00a30-0.00034. 

Weiss * also refiorts the following relationship Iwtwoen the sjKjcific gravity and 
the free carbon in gas-hou.se and coke-oven coal tars respectively. 



Specific Gravity 
at 60“ F. 

Free Carbon 
|M‘r cent 

Gas-house coal tar. . 
Coke-oven coal tar . 

1.203-1,296 

1.178-1.258 

16 67-33 17 
4.04 19 06 


The differences Ixjtween the tars produced at the present time may lie 
roughly expressed as follows (W. H. Childs, loc. cit.): the gas-works 
coal tar derived from the old-fashioned horizontal retort is the heaviest, 
most viscous, containing a lower percentage of oils, the most pitch, and 
also the highest percentage of free carbon. Coke-oven coal tar occupies 
an intermediate position, being lighter, containing more oils, less pitch 
and less free carbon than the preceding. Gas-works coal tar derived 
from vertical retorts is lighter, less viscous, contains more oils, less pitch 

* J. Ind. Sno. Chtm,, t, 842, 1916. 

«J. Franklin /imI., ITt, 277, 1911. 

* Ibid. 
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and less free carl)on than ooko-oven coal tar. The following table con- 
tains the analyses of tars derived from gas-works and cokcM)ven8: 


- - 



- 

— 


- 

— 



Cukk-uven 






CoAl. Ta**. 


Mori- 

llori- 







loiilal 

aontal 

lui lined 

Vertical 

T>pe 

TyiH* 

Typa 


Helorta 

Retort* 

Retort* 

Retort* 

A 

It 

C. 


(..Id). 

(new' 






1 

(Teet 7) Spe<-ific gravity at 60® F ! 

1 2fi4 

1 21H 

1 19« 

1 I.*)! 

I 17s 

1.173 

1.187 

(Teat Ha) Ktigler vincoaity at 212® I 








(aecoiuls for 100 c c ) 

271 

io;t 

89 

.10 

70 

M) 

37 

('Icat 20(i) Diatillaliun teet (<lehvdfitte<i 








tarl 








J.ight oil (to 400® F j 

2 O'’; 

:f :t' : 

4 r; 

.1 7% 

5 .ic; 

1 8% 

1 4% 

Middle and creoaote oila 

JH 7% 

21 u; 

22 U, 

30 2 % 

20 K'’; 

3.1 0';; 

24 0%, 

Soft pitch (including low) 

79 

7r, O' ; 

71 S'; 

01 2% 

73 9‘ i 

03 2% 

74 

(Teat 2.M Water 

2 S% 

r> 2 ';, 

3 3'; 

3 0% 

1.0';; 

I .1% 

2.3%. 

(Tl^t ;U) Frt*t' ( nrlMJM (insoluble in l>eii- 








s< 1; .... 

29 K‘; 

2\ 6'.; 

19 9',' 

3 7";, 

7 0';; 

4 3% 

10 4% 

(Teal .17?) Tar acid s mhcnola.crcuoU etc) 

1 0‘; 

2 9'.; 

6 2%, 

7 2'’;, 

> A ov; 

I U’; 

0 34 


Coil tiirs may Ik* rccognixed by the o<br which h clmriictcriHtic, by thoir high 
fjfK'cific gravity, large iK‘r(‘entage of fr(‘c carlion (non-mineral mutter insoluble in 
carbon (liMjlfdudc), alifKuice of jiarafline, small (KTcentage of Hulphonation rt*Midue, 
small ]M'rcentagc of sulphur (OKtOtNl) and by the prewmK* of phenuU (diaso 
reaction), anthracene (until rut |ui none reaction) and naphthalene.' 

Refining of Coal Tar.- Tnlde XIX Hh(m.s the approximate composi- 
tion of coal tar and the various products derived therefrom. 


According to (I Kramer,’ an avenge 
the following; 

Fk*nB<j| and itJi tioinologiK^ 

Pli«*nul and its honioloRiicH 
Pjriditif* and qiiinoliiio baAna 
Naphthalene and aeenaphthene 
Heavy od 

An hraeene and phenanlhn-ne 
Pitch 

Ammuniacal licpior . . . 

Ga«e« and low 


Huinple of Kuro|)CHn coal Ur conUtined 


2 fiO% 
2 00 % 
0.2fi% 
0 00 % 
20 00% 
2 00 % 
«2 00 % 
4 00% 
l,2ft% 


Total 


100 00 % 


'"Naphthalene in Road Tan,” by Hubhafu and Draper, Circular No W, Ofllca of PubUo 
Koada, U. 8. Dept of Agri , Wanh. D. C., Nov, 1911, 

*"Coal Tar Ijght Oil in tbc United State*; the Maonfaeture, Nature, and Uaea of Produet* ' 
Derived Therefrom," by ). M. Wrua, 8tb Intern. Cong Applied Cbcm. 10, 287, 1912; "Coal- 
tar Producti," by Horace C. PoiKt and C. G. Storm, Circular 89, Bureau of Mineo, Dapt. of 
Interior, Waab., D C, 1916, "Tar and Its By-producta," by S K, Church. Oa$ Apt, tl, 497, 
1013; "Tar DiatiHatioo in the United State*, General DevelopDieot and Recent Progronc,” bjr 
R. P. Perry, 8th Intern. Cong. Applied Chem., 10. 233, 1918. alao J. M, tng. Ckmm., I. 181, 
1913. 

*J. Qaabd. H, 228, 1801. 
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Coal tar is transported from the gas-works or coke-ovens in cylindrical 
steel tank-cars 7 to 8 ft. in diameter and 28 tc 30 ft. long holding about 
10,000 gal., provided with a dome on top and heating coils inside ^or 
the introduction of steam in cold weather to reduce the fluidity. It is 
transported by water in tank-vessels constructed similarly to those used for 
petroleum, holding up to 300,000 gal. At the distilling plant the tar 
is generally stored in covered vertical cylindrical steel tanks larger in 
diameter than height, having a capacity up to 2 million gallons. A 
certain amount of water separates out during storage which is tapped 
through [)ct-cocks in the side. Ix'ss often the tar is stored in rectan- 
gular reinforced concrete tanks built underground. 

A preliminary insight may be obtained regarding the constitution 
and probai)le value of coal tar by subjecting it to a lal)oratory distillation 
test (see test 20, p. 521), according to which it is separated into five frac- 
tions and a residue of pitch. These fractions are distinguished as follows: 


Water, etc 

IjKht oil 

Middle oil. . 

Heavy oil \ . 
Anthracene oil, f 
Uemdiie (eoul-tar pitch) 


Amfriatn Pradur 
Up to 110° C 
no- 170° C 
170 C 

c 

Al)0\e c 


Kuropenn Prartxre, 
Up to 110° C. 
110 -170° C. 
170- 2:10° C 
2;i0-270° C. 

270 .I.')!)® C. 
AlJo^e C. 


This test is often used by the stillman a.s a liasis for arriving at the 
volume of the res|iective fractions to Ix) separalt^d in the works dis- 
tillation. 

The crude tar is first dehydrated by one of the methods described 
on p. 180. The method generally used in the United States consists 
in heating the tar in thin layers under partial vacuum. The tar is allowed 
to flow continuously over heated steam plates in a closed cylindrical 
vessel as describe<l in method 5, p. 182, and which reduces the water to 
less than 0.5 per cent. P'rom the dehydrator, the hot tar is pumped 
directly into the still. 

The fonii of still used in the United States consists of a horizontal 
cylinder with convex ends heated directly either by coal or gas, con- 
structed to hold as much as 75 tons of tar. A typical still is illustrated 
in Fig. 97. The tar enteis through a pipe into the top of the still, 
and the va;x)rs are drawn off through another pi|)e of large diameter 
attached directly to the top of the still, at the centre. The stills are 
not usually provided with domes as is the cas(‘ with i)etroleum stills. 
The outlet pipe for the pitch is located at the l)ottom, together with 
inlet pipes for steam or air agitation. Sometimes vacuum is used to 
reduce the time of distillation. The stills are mounted on a brick 
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('iMiUfKv «)f 'Mh- Hurrftt ('ntn|>»ii> 

Fi(i 07 Snllfor (‘»ml I'iir. 


j)m\i<l(*<l will) a inv airli to iiimiic iiiiiform licatiiiji, and prolong 
tli(‘ iif(‘ of (lu‘ lK)ft()m. 'Hm* pr(M•^•^^ i> an inl(‘nni(t(*nt oiu;. After 


I he lar Ijjuj Ihmmi distilled to the 
fusin^-()oinl or eon.sistencv 
th(* H'sidiie of pilch 'i> disehar^,e<l 
1)V gravity, pumping: or l)lo\\injj 
out uith air. 

In I'nroix', tar >lill< an* con- 
st meted in the form of a " {kM 
or viTtieal still having Ji concave 
l)ottom, as ilhi.st rated in Ti^. US. 
when* 1 it'pix'sents the manhole. 
2, siifety-valve mnnection; d, .swan 
neck; 1, .swan neck stool; d, dippai^ 
taf); 0, steam inlet; 7, steam pifK*; 
S, tar inlet; 11, tar outlet. The 
concave Indtorn is claimed to have 
the a4lvantag(*s of providing a larj^er 
heating surface?, also to assist in 
draining off the pitch and to accom- 
modate the expaasioD and contrac- 



r'rom "e”o»l T»r DintilUilion," hy A. R. WuniM, 
Flo. 98.— Vertical Still for Refining 
Coal Tar. 
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tion of the metal plates without setting up dangerous strains. Steam 
is introduced during the process of distillation through a perforated pipe 
(9-10) at the l)ottom and serves to carry off the vapors more rapidly, 
also reduce the time of distillation. English stills hold 20 to 40 tons of 
tar, and are mounted on suitable brick settings adapted for direct 
heating with coal or producer gas. 

The vapors leave the still through a large pipe connected with the 
condenser coils immersed in water in a rectangular tank. These coils 
are constructed of pi|)es ranging from 6 in. down to 3 in. in diameter. 
The distillate is rup into small measuring tanks which in turn empy 
into large storage tanks. Each fraction is caught .separately, four fractions 
all told l^eing recovered, viz.: light oil or crude naphtha, middle or car- 
l)olic oil, heavy or creosote oil and anthracene oil. 

On starting the distillation, the light oil or crude naphtha hoih over, 
comprising the entire di.stillate lighter than water. When the vapor 
temperature reacihes a)>out 200° C. the receiver is changed, and the next 
runnings constituting the middle or carl)olic oil are caught separately. The 
light oil fraction varies from less than 1 i)er cent to 3 or 4 per cent. It 
is redistilled and fractioned into solvent naphtha and heavy naphtha, 
also small amounts of crude benzol, toluol, phenol and cresols. 

The middle or carl)olic oil co nes over next, amounting to 5 to 15 
per cent. As the temperature increases, naphthalene crystallizes out in 
the distillate, and to prevent it choking the condensing coils, the cooling 
water is shut off. It is cut at such a point to include most of the tar 
acids and naphthalene, and is cooled to remove the najdithalenc and 
sold as a disinfectant. The tar acids itiay also be extracted with caustic 
soila and lilx*rated by sulphuric acid or carbon dioxide. The phenol con- 
tent of tar seldom exceeds J per cent, and naphthalene recovered from this 
and the succeeding fractions will range fi*om 5 to 7 per cent. 

As the temi)erature increases, the heavy or dead or creosote oil l)oils 
over. This may represent the entire fraction between the middle oil 
and the end of the distillation, in which event it will constitute 15 to 35 
per cent of the tar, or it may be cut sooner and the anthracene oil caught 
separately. In either event the distillation is assisted by introducing 
live steam. The distillate is cooled to remove any naphthalene, and 
the cresols extracted in the same manner as phenol. The anthracene oil 
is treated to separate pure anthracene, amounting to 0.2 per cent of the 
tar, which constitutes the source of alizarin used in manufacturing coal- 
tar dyes. 

When the distillation is completed the pitch remains as a residue 
in the still, amounting to 50 to 80 per cent of the tar, and varying from a 
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viscous to a hanl and brittle product, de])erKiinK ut)on the quantity of 
distillate reinoved. It is allowed to run or puin|KMi into a c'ooler consist* 
ing of a lectangular (8X8X8 ft.) or cylindrical vestsel, and allowed to 
remain until the tcni|x*mture falls to 250 to 3(K)° K.. whereu|)on it is nin 
into barrels. Kach still is provided with two or more (oolers, so as not 
to delay removing (he pitch. 

3 he Stillman is guided in siqi^imting (he various fractions by the 
voluwts recovemi, calculate<I from (be |R‘rcentages !V|)orte<I by the 
lal)oratory distillation test. 

\ariou8 (>pes of stills adapte<l to the continuous distillation of tar, 
ha\e it*ccntl> attractcnl attention. Among them (be Kul»iei'schky system* 
is < laimed to give gcxxi it‘sults. 3 he tar is sprayiMl into the still, and at 
the siime time a curixMit of 8U|x*ihenUMl steam infitxluc<‘d from Mow 
con es in diiect contact with (he tar. 'I'lie ili.st illation progres.s('s in stages 
in a .seriea of connecting chambers, fmm each of which a different fniction 
i.s recovenxi, the pitch iv.'-idue being drawn off at the lot tom. It is 
clninie<l that it is unnec(‘s.sarv to first dehydrate the tar, also that the 
steam con.sumption i.s comparatively small. 

One of the most prorni^inK sv<.toins froni n snentifir x(Mn(i|>oint, for sopnrHting 


(oiii tar into various fractions wa.s <lovis('<) hy Waltlier i'VhJ,» l>y which tho 
eiTtn Mcoif C«0it« L'dHT nh,a, Otmcmcm N*^THAUte OtNia. Benicl 



Fio. tM) — Feld Syhti'iii for Fractioning ('oal 'I'lir. 


tar va[K)rs are fnictioncd directly as they come from the RiiK-retorlx or colre-ovenn. 
'the principle involvc<l ia cxaitly the re\erse of the foreKoiiiK inethexis In the 
1 chi -ystem, the hot t.'ir va[x>rs are sepanted inUi viirioiw fractions by a Mystem 
of selective rmltng, whereas in the other method# the coal tar is prouresHively 
hitiOd to siiccc.ssively increxsi ijc ternix^ratiire and each fraction condcnwxl oh it 
\a|Hjrize.s. One of the main advantages claimed for tho Feld systern i# the savitig 
of fuel, since it utilizes the heat extant in the hot tar vafx>rs and obviates reheating. 

A rough outline of the Feld condensing system is illustrated in Fig. 99. The 
hot vapors rorning from the retortx of ovens are passed through a scries of Feld 
centrifugal scrublRrs (sec p. 177) in each one of which the washing liquid constitutes 

Gas Lighhno, ISO. 448, 1VI.5 

*'‘Conl ti«u» by K. II. W»fncr. N. Y. 1014. 






250 


ASPHALTS AND ALLIED SUBSTANCES 


1^ portum of the condensate recovered in the next succeeding washer, and has 
therefore, a lower boiling-point than the fraction to be separated. Altogether 11 
oentrifugal washers are proposed. ITic vapors coming from the hydraulic main at 
a temperature of 200** C. are introduced into washer No. 1, and washed with a 
carefully regulated quantity of "heavy oils'* obtained from washer No. 2 (pre- 
viously brought to a temperature of 160® C.) to refluce the temperature of the 
vapors in washer No. 1 to 100® C. This effects a separation of the constituents 
boiling above 320-360® C. (i.e., the pitch) from those of lower boiling-points ("dew 
points"). The reduction in temperature of the hot vapors may be accounted for 
partly by the low temperature of the circulating liquid and partly because of its 
vaporization and consequent absorption of heat. 

The vapors now at a temperature of 160® C. are passed into washer No. 2, 
through which sufficient "middle oils" obtained from washer No. 3 (at a tem- 
perature of 80® C.) are circulated to rwluce the temperature of the vapors in washer 
No. 2 to 80® C., and thus bring about a condensation of the constituents boiling 
between 230 and 320® C., known as the "heavy oils." 

Similarly, washer No. 3 removes the middle oils by circulating a quantity of 
the oil condensed in washer No. 4 (at a temperature of 60® C.), which serves 
to reduce the temperature of the vapors to 60® C. 

A detailed plan of operation is indicated in 'Pablo XX: 


TABLi: XX 


WMhrr 

No. 

Ciroulating Liquid. 

Temp of 
Circulating 
Liquid. 
Deg C. 

Temperature 
of Vapora 
Uedumi, 
Deg C. 

Conatifuenta Sleparatod 
from the Vapors. 

Boiling- 
Point of 
Condensate 
Deg C. 

1 

Warmed heavy oils from 

160 

From To 
200 160 

Pitch 

Above 

a 

No. 2. 

Warmed middle oil« from 

SO 

160 

i 

80 

Heavy oil (anthracene 

320-350 

230-320 

3 

No. 3. 

Warmed oila from No. 4 

00 

80 

60 

oil) 

.Middle oil (ereoaote oil) 

170-230 

4 

Water 

40 

60 

40 

( Ills and water 


a 

Cooled heavy oils from 

40 

40 

T.ight oil 

1 Below 170 

e 

No. 2. 

Water 

38 

40 38 

Ammonia and hydrogen 
sulphide 

Ammonia and hydrogen 
sulphide 

Cyanogen 

Naphthalene 

Beniol 


7 

Water 

36 

.18 36 


8 

Water 

34 

36 

34 


0 

Water 

18 

.14 

IS 


10 

Cooled light oila from 

1 

18 

18 


11 

No. 3. 

Braiol from No. 10 . 

18 

18 

Beniol 



It la claimed that the vapors thus treated produce a gas of greater illuminating 
power than one which has been purified in the usual manner, also that the method 
is adpated equally well for treating gas-house or coke-oven products. It has also 
been used apparently with some success abroad for the fractionAl separation of 
the tarry vapors ol)tained on destnictivcly distilling Bohemian lignite (brownooal) 
but has not come into use in this country. The yield of pitch from the Feld 
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prooM is lower than that obtained from the ordinary method, end the yield of 
the more valuable oils oorreapoudintdy increased. In one ease a bituminoue ooil 
yielding 35 per cent of pitch by the ordinary method produced 7| to 12 per cent 
by the Feld process. 

Properties of Coal-tar Pitches. The extent to which the distillation 
or condensation is continued in any of the foregoing methods deter- 
mines the character and nature of the residue. If the light oil and part 
of the middle oil arc distilled off, there remains a product varying in 
consistency from a thin to a more or less viscous liquid, known as 
“ refined coal tar ” or “ distilled coal tor." Its physical properties are 
intermediate between the crude tars and the pitches. These tars are 
used for road binders (see p. 357) or for saturating purposes (sec p. 395) 
Coal-tar pitch suitable for saturating nx>fing felt is pn‘pared by dis- 
tilling a charge until the residue tests between 80 and 120 at 40® F. by 
the Shutte penetrometer (test 8c). If the distillation is continued to 
the desired point, then the residue is known as straight-run coal-tar 
pitch.” On the other hand, if the distillation is carried to a point 
where the residue is harder and more infusible than desired, and is there- 
upon fluxed to the desired consistency and fusing-point either with cer- 
tain fractions of the distillate or a flux of foreign origin— usually of little 
value commercially — or with other tars, then the pitch is known as 
cut-back coal-tar pitch.” 

Prepared tar suitable for road treatment may be manufactured by 
selecting suitable crude or dehydrated tars, combining them in the still 
and running to the proper consistency. Another plan consists in run- 
ning a single tar to pitch, adding a suitable quantity of dehydrated or 
distilled tar, and agitating with air introduced through a perforated pipe. 

Coal-tar pitches have been arbitrarily classified as follows: “soft 
pitch,” having a fusing-point between 90 and 120® F. (cube method) 
used principally for road binders and sometimes for waterproofing work 
(.see p. 442); “medium pitch,” having a fusing-point between 120 and 
160® F. (cube method), used for constructing “ pitch and felt roofs ’ 
(see p. 444), for waterproofing work (see p. 443), for filling joints in 
stone pavements (see p. 382) and for manufacturing paints (see p. 462); 
“ hard pitch,” having a fusing-point between 160 and 210® F.(cube method) j 
used principally for briquetting purposes (see p. 454) ; “ very hard pitch ” 
having a fusing-point above 210® F. and rarely exceeding 266® F used 
as binders for sand cores in forming castings of iron and steel, alw for 
manufacturing electric light carbons, battery carbons, plastic compositions 
for insulating purposes and black “ clay pigeons ” for target shooting. 

« It it poMible to prtpMO ooiO-Ur pltdtw loilng Ufb m 846* F., but thm tf MtfOilir twr 


•OOOUDtWOd. 
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J. M. Weiss reports * that the specific gravity of coal-tar pitch varies from 
1.200-1.290 at a fusing-point of 100” F. (ciilx; method) to 1.250-1.350 at a 
fusing-point of 190-200° F. (cube method). 

C'oal-tar pitches show the following ranges: 


(Teat 1) Color in iimaa. . 

(Teat 2a) Honiogcneity at 77* F 
(Teat 2a) Homo((oneity under niieroseope 

(Teat 2b) Homogeneity when melted 
(Teat 3) Appearance atirfaee on aging . 
(Teat 4) Frueiuri) . 

(7’eat A) I.iHtre 

(Teat tJ) Streak 

(Teat 7) Sp gr at 77° F 

(Teal Or) Hurdneaa at 77“ F 

(Teat Ud) Hiiaceptihility factor 

(Teat KM) IJuetility at 77“ F 

(Teat 13) Odor on heating 

(Teat I4a) Hcdiavior on lieuting 

(Teat l.'Wi) Fiiamg*p(tint (K and .S rnethtnl) 

(Test IDb) Fusing-fioint ((’iilx- method) 

(Teat 10) Volatile matter, .'>00“ F, 1 hr-t 

(Teat 17a) Floalfpoirit 

(Teat 18) Hurning-point 

(Teal 10) FiximI enrlmn 

(Teat 21a) Soluble in rnrbon diaulphuh* • 

(Teat 2)h) Nnn-minerf.l matter iri.Holiible 

(Te.st 2Ic) Mineral matter 

(Teat 22) Curlienea 

(Teat 23) Soluble in 88“ naphtha 

(Teat 24) Soluble in otln-r aohenta 


(Teat 2fl) Carbon* 

(Teat 27) Hydrogen . . 

(Teat 28) Sulphur 
(Teat 20) Nitrogen 
(Teat 30) Oxygen 
(Teat 32) Naphthalene. , . . 

(Teat 3:i) Paraffine 

(Teat S.’S) Sulphonntion residue . . . 
(Teat 37) Saponifiable constituenta. 
(Teat 40) Cilyeertil 
(Teat 41) Dinio n'actiun . 

(Teat 42) Anthratiuinone reaefion 


Caa-worka Coke-oven Blnat-furnarr Produeer-gaa 

Coal-tar Coal-tar Coal-tar Coal-tar 

Pitch Pitch. Pitch. Pitch. 

Black Black Black Black 

Variable \ ariable N’armblo Variable 

(’arbon via- Carbon vis- f'arbon vi.s- Carlxm vis- 
ible iblo ible ibie 

L’mforni I'mform ('iiifonn Uniform 

U'nehunged l'iicbango<| rmhnnged I'tiehangcd 

('oneboidal Conehoidal Concboidal Conehoidal 

Variable V'ariable \'ariable Variable 

' Black Black Black Blnek 

I l.'> I 40 I 20 1 .3.) 1 20 1 .30 1 20 1 .3.'> 

10 100 10 100 10-100 10-100 

>I(M) >l(K) >100 >100 

Variable \’nriable \'aniible \'ariable 

Peiietraliiig mlor ebaraetelrisfic of all conl-tar pilches 
I I’liHMi's rapidly from thi' .soI,d into the Inpiid state 
80 .300“ F. 80 .300“ F SO .3lH)“ F 80 .300“ F, 

90 .34.3“ F 90 .34.'>“ F 90 .(4.i“ F 90 F 

.3 20' ; .3 20';, .3 20'; .3-20'/; 

2.')0 4.')0“ F 2.*»0 4r.0° F 2:i0 l.'>0“ 1' 2.'>0 4.')0“ F 

.3(8) .*>(K)“ !■’ .3(8) .'•(8)“ h' .3(8) .•)(8)“ F .3(8) .’>00“ F 

.30 4:>'; 20 4.')'; lo .30';, 20 4.'>'’; 

.V. 90';, (8)M.'>'; .'8)7.')';, (8) s.'i':;, 

10 1.*)';, I.') 40';, I.') .3.v; ]:> 40';, 

(M'; : 0 1'; 10 20';, 0-2'; 

2 10';, j 2 10';, 2 10';, 2-10';; 

10 .30"; I 10 30',' .3 23'; 10 .30"; 

Coal-lnr pi(ch«-s are largely soluble in carbon di.sulpbide, 
beniol, coal-tar distillates, earl>on letriicliloride, cliloro- 
form, ami glacial neelie in id 'I'bey are only partly 
soluble in (M>(roleiim distillati's, tiiris-ntim, gram or 
wood alcohol 

00 0.1''; 

3 - .v'; 

0 3 1 0‘'; 

0 2 1 2 % 

Trace 2 O'; 

Triiee 2 3''; 

0 O'; 


•For Ibo ultimate analysis of coal-tar pitches, refer to Donath and A.siiel, Chttn. Re*. Fett> 
Hor#./a(f., 1«, 54. 1903; also C. R. Downs, /. Ind. Eng Chem , I. 206, 1914. 

*/. Ind. Bng. Chem., t. 841, 1916. 
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Church and Weiss examined repre^'nlatixe 8|iorinjens of coal-tiU* pitches,* witli 
the follow inf; results, in which A ri‘presi*nts gas-works coal-tar pitch obtainerl from 
horizontal retorts, li gjvs-works coal-tar pitch from in<*line<l nMorts, C gas-works 
coiil-tar pitch from vertical retorts. /> Otto-1 lolTinnn coke-oven coal-tar pitch, E 
Scmet-.Solvey coke-oven c<ja!-lar pilch, and F Scotch Itlast-funmce (sml-tar pitch: 



A sample n'i)rcs*ntmg a wcll-a<i\crtis<Ml l>ratid of straiglil-nm g.-us-works (oal-tar 
pitch was tc^tcd hy the author with tin* following rcMilts. 


(T.-hI 7) 

S|HTifip KriiMtv ft! 77® K 

1 23 

(TpmI 9(|) 

( '(in»int< firy (it 11.')" F 

.3 0 


Coniittf ri( V Mt 77" K 

24 7 


('oii(*i>*ti no Ht .'{2" K 

> 150 

(Tot '1./' 

SiI)«'<'|jO(hIiI> f«rior 

> 100 

(Tent Kltf) 

Ductility at ll.'i" t 

3.5 


Diictilit> at 77" r 

7.5 5 

(T.st Od) 

Duct lilt V lit 32" F 

0 

(IVut 11) 

Tcfioili- fln-nittli At 1 1.'i" F 

0,15 


T«'n«ilc strciiRih nt 77® F 

4 65 


Tf-ruulf MtrctiKtli at :i2® F 

8 5 

(Tput l.Vi) 

FiixiriK-ixuiit (K and .S mi-tlnxi) 

122* F. 

(Tp«t l«) 

\'olKtilc riiJilttr, .VMl" F in ♦ lir- 

8 2% 

(Ti'dl I7ri) 

Fla«h-|X)iiit 

300® F 


The consistency, tensile strength (rnuitiplied by 10) and ductility curves are 
shown in Fig. 100. 

Coal-tar pitches arc chanicterized as follows:^ 

(1) Jet black streak on porcelain. 

(2) Carlionaceous iiuitter (dearly visible unxler microscope. 

(3) (Comparatively high 8j)ccifie gravity. 

' Proc. Am. Soc Tf^lttna Mattnait, If, 274, Pun II, Mil.'). 

• ‘‘Cheniwchp Ztiaairnnoniwtiiinit umJ rnlcrsurhuuK Her ii»ttirlirhcn uml kOntUirtien AtphalUi,'' 
J MamiflHoi), Chrm. Htr Fetl-Hart-Inil , It, IflO. IWI2, “N»rhwp«» von N»(urMph»lt und Krddlpfdi 
in ltu(k»Uiudcn der SteinkohlcDtccrdratillation," F. Srh«ar(i, Vhem. Rtt. Fctt-Jlart-Ind , ft, 28, 1913. 
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(4) High susceptibility factor. This means that they are largely 
influenced by changes in temperature, becoming brittle in winter, and 
softening under extreme summer heat. 

(5) High ductility when tested at temperatures ranging between the 
solid and fluid states. 

(6) Characteristic odor on heating. 

(7) Pass rapidly from the solid to the fluid state. 

(8) Comparatively high percentage of volatile constituents when 
heated at 500® F. for 4 hours. 
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Fio. 100.— Chart of Physical Cham<!tcristic.s of Coal-tar Pitch. 


(9) Comparatively high percentage of fixed carbon. 

(10) Comparatively high percentage of non-mineral matter insoluble 
in carbon disulphide (“ free carbon”). 

(11) Comparative insolubility in petroleum naphtha. 

(12) Comparatively small percentage of sulphur. 

(13) Presence of naphthalene, 

(14) Absence of paraffine. 

(15) Comparatively small percentage of sulphonation residue. 

(16) Give both the diazo and anthraquinone reactions. 
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Coal-tar pitches are remarkably rcMiatant to the disintegrative action 
of water, and are therefore well adapted for 8ul)-soil waterproofing. They 
are more weather resistant than wood-tar pitch, rosin pitch, lignite-tar 
pitch, shale-tar pitch and bone-tar pitch, !>ut art' inferior to cinefully 
prepared residual asphalts obtained from j)etroleuin, blown petroleiun 
asphalts, wurtzilite asphalt, fatty-acid pitches and pure native asphalts 
containing approximately the same percentage of volatile matter (see 
p. 341). 

Attempts have been made to blow coal-tar pitches by the same process used 
for treating petroleum asphalts (p. 2S7). Stimples tested by the author showed 
a slight lowering of specific gnivity, a decrease in the hanineas for a given fusing- 
pomt, a decrease in the susceptibility factor (ie., the material was less nffected 
by changes in tem^K*rJiture) and no apprecmble change in the ductility, Hlown 
coal-tjir pitches have not liecn marketetl in commercial quantities, nevertheless they 
warrant further development 

S|)ecimenH of blown coal-tar pitches examined by the writer showed the following 
results: 



A 

B 

(’ 

7) .S|HTific «r»>«ly st 77® F 

1 1«< 

1 104 

1 2C 

(TcKt Of) Comtwtonoy at 11.')* F 

1 08 

4 31 

5 94 

ronaiDtfnry at 77® F 

10 U 

57 5 

06 9 

ronitu*t**ncy at 32* F 

>100 

>100 

>100 

9<l) f'ui)o)*pol)ility factor 

> 80 

> 70 

> 66 

(Tf)i ItV)) Ductility at ll.S* F 

f>\ 

100 

92 

Ductility at 77* F 

100 

0 2.5 

0 0 

Ductility at .12* F 

t) 0 

0 0 

0 0 

(Test 11) Tcnoile utrcngth at ll.*)* F 

0 1 

0 9 

1 4 

Tensile afrength at 77’ F 

2 1 

8 0 

6 % 

Tcnailc strength at .32® F 

r» .1 

fl 5 

7 5 

(Tent I.*))!) FuHifig-point (K arnl 8 mcihotl) 

112" F 

136® F 

141® F 



CHAPTER XVTII 

WATER-GAS AND OIL-GAS TARS AND PITCHES 

Water-(}as tar, oil-gas tar and their corresponding pitches are not 
classified with “ coal tar ” and “coal-tar pitch,” as they are inter- 
mediate in their properties between the latter and petroleum asphalts on 
account of the petroleum products iised in their manufacture. They are 
accordir.gly includ(*d in a separate chapter. 

Water-gas Tar. The mechanism of this process has already been briefly 
described on pag(^ 173. A modern water-gas plant having a capacity of 
to 3 iiiillion cubic feet of gas per day is illustrated in Fig. 101. This 
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rotor Corboreter Superrr r r Scrubber Condenser 

Fuj. 101.— Lowe Wntor-grts Plant. 

is knowm as the I^we type of apparatus. Either anthracite coal or coke 
may be used as fuel. The former should preferably show’ less than 7 per 
cent volatile on ignition, not more than 12 per cent ash having a high fusing 
point to avoid ” clinkcring,” also small percentages of moisture and sulphur. 
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The fuel is charged into the generator and allow tn] to undergo partial 
combustion by admitting a limited amount of primary air through the 
pifx' A below the l)ed of fuel. The gtt'^es thei* downward through tlie 
carbureter and the combustion almost completed by means of a care* 
fully regulated supply of s('condary air introduccnl through the valve /f. 
From the carbureter the prcKlucts pass upward through the superheater, 
where the tem|H'raturo may l>e controlliHl by admitting a tertiary supply 
of air through the valve (', aiid the prinlucts of combustion finally passed 
into the atmosphere through the stack I). 

When the fuel in tla* giu<-generator has lx*en pro|X'rly ignited, and 
the carbureter and sui><‘rh(‘ater brought to the rerjuired temperatures, the 
air blasts are cut off in the setjuence: (\ H, and A, and tlie stack valve D 
clos(‘d. Steam i'^ intnMluced int<» the gcaierator through the valve K Ix'low 
the bed of incandescent fuel and results in the production of “ blue-gas,” 
according to tlu' following r(‘acfion: ( '-f n,»0™ ( O f H j- d his is pass(*d 
into the carbureter wIktc it mingles with a spray of caibureting oil kown 
as "gas oil" introdmed through F 'I h(‘ mixture is jiassc'd downward 
through the carbureter whereby the oil becomes vaponzt'd. From the 
carbureter, the ga<es are p.'issed up through the supiTheater, the tempera* 
tun‘ of which is very candully regulal(‘(i at FitK) Jd(K)® F. to crack the 
oil vapors into [K’rmanent gases, and this incidentally results in the for- 
mation of tarry mattciN. 

d'he formation of carbon monoxide and liydrogen l^y the action of 
steam on incandc^ciMit fuel results in a lowering of the temjx'rature on 
account of the absorption or .storing up of thenral energy, so tluvt it 
Ix^comes nec'cssary to turn off the st(‘ani and n'introduce the air. The 
” blowing up " proc<*.s,s is tlius re|H‘ated. At the same tiiiK* the oil spray 
IS turned otT the carbureter, as its teni|)<‘rature h/is fallen to a iKiint Ixdow 
which the oil would not l>e superheated sufficiently to convert it into a 
permanent ga.s. 

The supplies of air, steam and oil are carefully metered and the tern* 
peratures controlled by electric pyrometers within 20 to 40° C. The 
‘‘ blowing ” or ” up run ” lasts three* to five minutes, and the “gas making" 
or ” down run ” lasts two to four minutes. 

The water-gas and accompanying tarry vapors derived from the gas 
oil are passed from the superheater through the pipe (i into a wash-lx)x 
which corresfKmds to the hydraulic main in a coal-gas plant. The vapori- 
zation of water in the wash-lK)X reduces the temperature of the gase^ from 
1200 to 190° F. The gase.s next pass upward through a scrubl)er filled 
with shelves carrying a checker-w'ork of wooden slats (Fig. 63} over which 
water is allowed to trickle. From the scrubber the vapors are passed 
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downward throuj^h a wator-t^fK)!^! c<)r»d<*nser (Kig. 60) which reduces 
their temperature to 140 150'' F., ami thence into a relief ji;as-holder. 
Most of the tar is condenserl in the wash-lx)x and smaller quantiti<'s in 
the scrublxir and (condenser. An exhauster draws the gases through tlie 
foregoing train of aparatiis and then forces them through a tar extractor, 
usually of the P. & A. type (Fig. 69), to remove the last traxies of tar. 
The tempeirature of the gases as they pass through the tar extractor is 
in'the neighborluKxl of 110 to 115° F. They are finally [Missed through 
the purifier filhxl with trays of ferric oxide to remove the sulphur com- 
pounds, ard theiice into the main gas holder. 

The carbureting oil, known al.so as “ gas oil ” or “ enriching oil ” 
varies in composition de|)ending u|)on tin* cluira(‘ter of the pt'troleum 
from which it is derived. Fxperience demonstrates that oils obtained from 
a paraffine base [x*troleum generate the great(‘st pro[x)rtion of gas and the 
smallest quantity of tar. Oils containing unsiituratfsi straight-chain 
hydrocarlx)ns are less efficient, and those* (‘onUiining unsiituratcHl ring 
hydrocarlxMis an^ almost valuel(\ss. 1'he yi(‘ld of tar exi)re.ssed in [H'r- 
centage by volume, l)as(‘d on the various ty|x*s of [K*trol(‘um u.s(*d, is as 
follows: . 


PafftfBnt' baw* naphtha 2 4% 

Paraffin** (taa oil 6 j()i 

ParaffiiH' baao crviih* oil 8 I'J' 

Aaphultin baa*' K'lK oil s 10 l.'i'c, 

AaphalOo biw rruih' oil |2 18*;;, 


The effet't of llie temp<*rature on the* deconqxisition of an asphaltic 
pt'troleum is shown in the following tabh*: 


Tf/ripcriihin', 

(’ll Ft (Jas 

Tnr. 

('okf, 

1)« K r 

|HT (illi Oil 

Per (’flit 

Pi r ('flit 

711 

Wi 4 

2H 0 

1 83 

741 

«il .I 

20 4 

2 43 

7.11 

m 7 

20 2 

3 63 

7S» 

88 0 

24 2 

3 4.1 

8,12 

80 ;{ 

11 0 

12 43 








The quantity of carbureting oil ordinarily useel varies from 3.5 to 4.5 
gal. p(‘r ton of anthracite coal. 

Water-gas tar on ac<*ount of its low specific gravity fonns an emulsion 
with the associated water and separates with great difficulty. The water 
is practically free from ammonia compounds, thus differing from coal tar, 
and tlie tar is very much thinner in consistency, containing but a small 
amount of free carbon. The methods for dehydrating crude water-gas 
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have l>eeii described (pp. ISO 

and 

the dehydrated water-gaa 

complies 

with the following tests; 




{T««t 

n 

('olor III niiiMi 


Rlark 


iT***! 

2a) 

Honw>g*‘n« it> to till' !''>»• 


I'liiforni 



26) 

Ilonmgenoily ur'ler niirfosrouc 


Aliwnro of rarbonureoiii 






niHtO-r 


(Tfrt 

7) 

Sptfifir (rn.ity «♦ //'' K 


1 02i 1 I.X 


(Tmt 

H) 

\'i»rv'iiit> 


\ 1 r> lii)iiiil 


(IVsl 

i;n 

(Mor on tiofUiiiK 


Cliiiriirn'riHtir “aas-likf" 


(T.t»t 

nwi) 

FiiHiii|[-(miiit iK Kiid S m«>t))<Ml) 


I ohm limn 0" lo 10“ F 


(Tv-it 

no 

Volmili- manor ai -'.(K)'’ K , 1 lira 


•«0 K.'i'’, 


iT.-i 

17a) 

MamIi- point 


Ii.U 


(Tf'nt 

19) 

r'lifnl (‘arlinn 


10 20'’; 


(TfBt 

2U) 

DiHtlllHtlOII 






I'p lo 111)'’ (• (NaplifliJi) 

0 

||\ wiiitlit (Spur 0 M.’V 0 DO) 



no 170° (' (I ikIiI oiIm) 

0 

:> 0^, (Sp Kr 0 >|)H 

0 90) 



170 2.1'.° (' (Mi.lill.- oiIh) 

:> 

Cl'. (SPKI 0 9K 

1 (M)) 



2.rt 270'’ (■ n<M\\ oiN) 

7 

10*. (hpttr 1 Ot^ 1 07) 



27o .CO" {' lAiitlirnri'iK' ml) 

10 2 

(Sp jir 1 07 

1 10) 



III ■<l<ll|o ( \\ «!• f-Ktl'-lBr plOli) 

20 Ul', 


(T.xt 

21a) 

.'“oluliilil > III niilMtii ili«nl|itii<|i* 


9h lOO';, 



216) 

Noii-n.ifii fill miilli'r iri'«olul»Io 


0 2Vv 


(T. -t 

21r) 

.Mitn ral inntlir 


0 1 r,'. 


cr.Hi 

22) 

( 'urlirili H 


0 2% 


( r< ■it 

21) 

.Silnliilily III KS" iin|i)itliii 


20 7.'’.';, 


(T.m 

2t.) 

( HfOofl 


!M) O.")*’;, 


( 'I'. St 

27) 

lI.vilroKi-ii 


3 


( I'l -t 

2M 

Siilptiiir 


0 2 0% 


; Ti HI 

29) 

SilroRfii 


0 :» 1 ()*’;, 


(T.si 

.«!) 



1 2': 



.12) 

N.iptii)i)il< III* 


l,.*NM limn 10';;, 



;i.i) 

I'jiraliiiH 


0 , 


<T< Ht 

:i;.) 

.Siilplioiiiilimi n -iilui* 


0 i.v; 


( 1V«| 

;»7) 

Su| Klin fill hli I'oiiKtitiii'iitJi 


'I r 2' ; 


('r.Hf 

41) 

1 )iii2(i n-iii III II 




(IVhi 

42) 

,\iit)ir;iipiiiiiiiii' r< a< linn 


^ 1 H ( 1.1 SH limn 0 ) 



WcKs rc'iKjrfs ' that wat<‘r-Kas far hits a r<M‘fIjrM*nt of expansion for P K. (Ieti|i;th 
- 1) of 0()fX):{r) ().()(X).‘iS AeronlmK to Down-" and Dean,* water-j?as tar rontairin 
suhstantial amounts of l>en»*nc, toluene, xylones, naphthalene an<l anthraeene 'I'he 
nitropenous hitscs and p'lenols are absent or nearly s« Weiss rejKirt.s furfhc'r that 
the jM’reenlajie of fiT‘e earl>on vanes from I (M to I 0H7 jM'r cent, with water-giw 
tans ranging in sjKM ifie gravity from 1 07H 1 tXX) * 

Oil-gas Tars. Thos<' arr niaiiufart tired from pidroleiim alone* without 
the use of coal or coke. S(‘veral nietluMls have IxH'n all enilxxlying 
the* same principle but differing in detail, the ino.st imfwrtant of which 
are its follows: 

Pinlsch Gas. This is manufactured by spraying fK'troleurn in a closed 
retort constructed of iron or fire clay and heated to a temperature of 900 
to 1000® V. by coinliustion of oil, gaa o»- tar underneath. The shape of 

•/ Prnnkhn I»xt IT*. 277. 1911 

ij Jnd F.nu t'hfm , I, l(W. 1911. iilwi f, 36fi. 1914. 

ly Fratiklin IrnU , ITf, 277, 1911. 
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the retort is shown in Fig. 102. The vapors pass to the rear and thence 
downward and through a lower chamber into tlie hydraulic main in front. 
The gast's are passed successively through a scrubber, condenser and 
purifier. 

Recently a modified form of apparatus has been used for manufactur- 
ing Pintsch gas under a high pressure, consisting of a heavy steel con- 
tainer filled with a checker-work of brick. The checker-work is first 
heated to a high temperature by introducing steam and air. Sometimes 
the resulting tar is usi‘d instead of the oil during the heating-run. When 
th(‘ profM'r (k'gree of h(‘at is obtained the air is shut off and oil with a small 
amount of steam is sprayed in under pressure. The main advantage 
resulting from the us(‘ of pressure is the greater yield of gas. 



Fio 102, — Pintsrh (las 



Pintsch gas is us(*d extensively for railroad smd buoy lighting. It 
may be stored in holders under a pressure of 5 to 25 atmospheres, without 
suffering in illuminating power as would prove to be the case with most 
other gases adapted for lighting purposes. 

About 10 {)('!• cent tar is nrovered in the Pintsch process, the charac- 
teristics of which will lx* de.scribed under the heading “ oil-gas tar ” below. 

Od-water Gas. This process is used almost exclusively on the Pacific 
coast for manufacturing illuminating gas, owing to the absence of coal 
deposits.* 

The installation is shown diagrammatically in Fig. 103. The generator 
and superheater are filled with checker-works of brick. Assuming that 

»'*Tljo Dfvrlppmrnt of (XUgas in Californin," /•roc. Am. Gas Inti., 4 , 413, 1909. 
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the temperature of the brick work has been previously brought to the proper 
temperature for igniting petroleum va|)ors, the stack valve A is opened 
and valve H closed. For the first thrt'e minutes air (at a pressure of 7 
to 9 in.) and steam (at a pres.sure of 35 lb.) are admitted through the 
valves C and I) respectively at the top of the generator to start th(‘ run. 
At the end of the thrc'e minutes, petroleum heated to 150® F. is introduced 
through D (at a pre.s.sure of 8 lb.), and the heating continued for nine 
minutes. Then air is turned off at (', valve /f oiKaunl, arul valve A closed 
in the se(|uence named. Oil and steam art' then iiitroduct'ti through the 
valves I) and and allowetl to continue eight minutes, whereupon the 
oil is shut off, and steam alone blown throtigh the generator and super- 
heater for two minutes to purge the apparatus of oil vapors. From the 
wash-l)o\, the va|)ors are pas.se<i througli serubbei’s hik'd with a checker- 
work of woodt'u slats as slu)wn in Fig. (>3. 

'I'he top of the sufX'rlu'ater acts as a reservoir to store heat. The take- 
off valve H i> at I lie centre, because' e.\|)<'rience has shown that if the oil 
vapors were allowed to trav(‘rs(' tiu' entire' sujK'rhe'ate'r during the gas- 
making iH'riod. the illuminants weailel be elee'eanpeiseel intei me'timne, 
hydrogen and lampblack. The' he'at is e’euitreille'el by the twei se'ts of burn- 
(‘rs I) H. If the- clie'cker-weirk be'e'ein e's eive'rhe'ate'el, meue oil is intro- 
eluced, and ceinveiwly if the' te‘m|H‘ralure* falls t(K) low, le*ss eiil is use*d. 
If the tem|)e*ratur(' of the afiparatiis is teiei high, lampblack will se'pnrate 
out in the wa'^h-lieix, while' if it is teiei leiw an exces.^ive (|uantily eif tar 
will be producc'd. 'riu' tar is ve'iy similar le» I’intsch-gas tar in its physie'al 
and chemical projx'rtie's. During the gas-making perieiel, the oil is kept 
at a pre'ssiire of 20 lb. in the geiK'rateir and 25 Ib. in the* sup<*rlieater. 

It recjUire's about S tei Kj gal. eif e-ruele' eal per lOfK) sepft. of gas, of which 
about eine-tifth is reejuire'el feir he'ating anel femr-fifths for gas-making. 

lUiiu (itis. This is a further ek've'kipme'nt eif Pintsrh gas, and is 
maele by craeking eiil vapors at a tenijs'rature leiwe'r than in the Pintsch 
preice'ss (i.e. 550 to 000® (\), but in a .Miiular feinn of reteirt. ''J'he resulting 
gase's are first purified by passing in the usual manner through hydraulic 
mains, coeik'rs. ck'aners anel .‘^e-rubbers to remove the tar, which anmunts 
to 4 0 per cent eif the oil used, anel then cennjiresse'd in a thret'- or four- 
stage compres.sor to 100 atmospheres, whie'h causes the high l)oiIing-point 
con.stituents to lique'fy and absorb a large preiportion of the non-lkjue- 
fiable gases. The excess of the latter is used for running the compressor 
and heating the retorts. 

The compres.sed Blau gas is so constituted that upon releasing the 
pressure, the dissolved and liquefied constituents are evolved in such pro- 
portions that the composition of the gAseous mixture remains constant. 
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Blau gfiA is used principally for marine lighting purposes and transported 
in cylinders of about 1 cu.ft. capacity, carrying 20 lb. of the compressed 
gas, which will expand to about 250 cu.ft. at atmospheric pressure. Its 
illuminating value is greater than that of Pintsch gas. 

The tar recovered from the Blau gas process is similar in its physical 
and chemical properties to the oil-gas tars described previously.* 

Properties of Oil-yas Tars. Dehydrated oil-gas tars produced by the 
Pintsch process, the oil-water gas process and the Blau gas process comply 
with the following characteristics: 


(Teet 1) 

Color id muaa . . 

Black 

(Teit 2o) 

Homogeneity to the eye 

Uniform 

(Teat 2b) 

Homogeneity under the niicroacupe 

. . . Comparatively free 
from carbonareou 
matter 

(Teat 7) 

Specific gravity at 77® F . . 

. 0 95-1 10 

(Teat 8) 

ViBcoaity 

Moderate 

(Teat Oe) 

ConaiMteney at 77® F. 

0 

(Teat 13) 

Odor on heating 

I.ike water-gas tar 

(Teat I5a) 

Fuaiiig-poini (K. and 8. method) 

<0®-20® F 

(Teat 18) 

Volatile matter at 500® F , in 4 hra 

3.5-70% 

(Teat 1 7a) 

Flaah-point 

Low 

(Teat 10) 

Fixed carbon 

10- 25% 

(Teat 2 la) 

Soluble III carbon diaulphide . . . . 

08 100% 

(Teat 216) 

Non*niinerul matter inaoliible 

0- 2% 

(Teat 2 If) 

Mineral matUT 

0 1% 

(Tent 22) 

Carbenes 

0- 2% 

(Teat 2;)) 

Hoiulnlity in 88® naphtha 

.50 8.5% 

(Teat 28) 

Sulphur 

<1%, 

(Teat .'10) 

Oxygen 

I 2% 

(Teat 32) 

Naphthalene 

Traee 

(Teat :i3) 

Paraffine 

0 .5% 

(Teat .'l.-i) 

Sulphonatiun reaulue 

20 40% 

(Teat 37) 

SHponifiahle conatitueiitH 

Triiee 

(Teat 41) 

l)iHxo reaefion 

Yea 

(Teat 42) 

Anthrn(|uinone reaetion 

Yea 


When asphaltic petroleums are used to produce oil-gas tar, paraffine 
will be absent, but when non-iusphaltic or mixed-base petroleums are used, 
it will l)e present in quantities not exceeding 5 per cent. 

Wator-gas and oil-giia tars are distinguiahed from coal-tara by the following. 

(1) Absence of aa.sociated ammonium compounds in the aqueous liquor. 

(2) Ix)wer specific gravity. 

(3) Smaller percentage of “free carlwn" (non-mineral matter insoluble in car- 
l)on disulphide). 

(4) Larger proportion soluble in carbon disulphide. 

(5) Presence of paraffine wax when mixed-ba.se or non-asphaltic petroleums have 
l)een used. 


i"BUu Qm; a New dee for Illuminotiiit, Heatinf, and Power Purpoaee," by William Hallock, 
J. 5m. Ck*m. Ind , it, MO, 1008; "The Manufacture and Uee of Blau Oae," by Hugo Lieber, 
JTd. Chm., fnf. U. IM. 1014, 



WA'riaWlAS AND OIUfSAS TAllH AND 


m 


(6) A substantial pro[)ortion of sulphonation residue, which considered in con* 
nc<*tion with the small pen'entage of mineral matter distinguishes them from blast- 
furnjui* tars 

()il>giis tar may l)e distinguished from water-gas tar by the following: 

(1) Oil-gas tar as a rule has a lower s|)ecific gravity. 

(2) Water-gas tar yields a .smaller |)ereentage of sulphonation residue. 


Refining of Water-gas and Oil-gas Tars. Oil-gas and water- 

giis tars when suitably dehydrated may bt* distilh'd in aeeordance with 
tlx* iiKdlxxIs umh \ for “ eoal tar” (p. 24t>). Sometimes the water-gas-tar 
piteh or oil-gas-tar pitch is inixtHi with eoul-tiir pitch in suitable profxtr- 
tions. 

Properties of Water-gas-tar Pitch and Oil-gas-tar Pitch. Water-gaa- 
tar-piteh and oil-gas-tar pitch comply with the following tests: 




H’o/j r-yrtJi-/rtr 
/*i/c6 

Oil-(/af-4ar 

Pitch . 

({•M I) 

('<>lt>r It) riiHMi) 

Hlaek 

Black 

1 r. Ht :»fi) 

H()inoK«‘ii« ity to tin- «*>e 

I'niform 

Uniform 

1 1 . M -jb) 

Motiiog«-ti<-it t iiri<j)T Ok' iiiicroorop** 

Small atiioutil of Carlton viaibte 

1 1 1 Ht 0 

AjjihI 8urf«rc 

\ ariable 

Variable 

tf'<H| 4) 

I'rncf lire 

('onehoidal 

('onehoidal 

1 |^■Ht 

I.iyiiro 

liiiKhl 

Bright 

' r. Hf ti) 

SInak 

Hlack 

Black 

llfHt 7) 

S|M‘nfic (tra\itv Ht 77® T 

1 lU 1 20 

I 15 1 30 

i I. Ht <Jb) 

CniiRiaff nr> at 7'^” h 

10 100 

I(F 100 

1 r< Ht '.M) 

SijHiM>r>til)ility factor 

>HH) 

>100 

ll-Mt 10) 

Diiclilit V 

X'ariable 

Variable 

('|■<H( M) 

strcnglh at 77® T 

V ariable 

Variable 

iTtHt l.'l) 

( >(|or on hcatiiiK 

CharacieriHtic 

Charaetenatic 

'P.-Ht Ha) 

HchH\ ir>r on nii-ltintc 

I’aaN rafiidly from aolid to liquid atata 

('r»'Ht i.'i(j) 

KuHitut-poitit (K ami .S incthml) 

Mt 27.'i® F 

80 275® F 

( r. Ht 156) 

FnainK-poiiit (M ami U tncihod) 

100 .3<H»® F 

loo :ioo® F 

( ['.•Ht I.V) 

FiiainK-poiiif (citln* inftlxMil 

110 .320® F 

no 320® F. 

ri'frit Hi) 

Volatile matter .%OU® K , 4 lira 

5 !.’>% 

5-15% 

ll'cMt I7a) 

FlaHh-[>oint 

.300 4tX)® F 

.3(K) 400* F. 

(T<Ht 101 

Fixed rarixm 

2.'i 40% 

20 30% 

(T*‘Ht 21a) 

Solubility in carbon diaulphide 

8.') 98% 

85-98% 

(T«'9t 216) 

Non-mincral matter insoluble 

2 1.1% 

2 16% 

21c) 

Mineral matter 

0“ 1% 

0- 1% 

(TpHt 22) 

Carbi-nea 

2 15% 

2 20% 

(T. Ht 2.3) 

S ilubility in NS® na|di(ha 

50 80% 

85-85% 

(T<-Ht 2») 

Sulphur 

<4% 

<4% 

(T»-Rt 30) 

Oxygen 

0- 2% 

0 2% 

(T.'9t .33) 

Paraffine 

0- 5% 

0- 6% 

(Tost .3.'*) 

Sulphonation reaidue 

IF 16% 

20-40% 

37) 

Saponifiable matter . ... 

0- 1% 

0~ 1% 

(Twt 41) 

Diaxo reartion 

Yaa 

Yea 

(Tent 42) 

Anthraquinone reaction 

Yea 

Yea 
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Representative samples of water^as-tar pitch and oil-gas-tar pitch tested by 
the author gave the following results: 



W ater-ffag-tar 
J^Ueh. 

Otl-ooB-tar 

Pxtch 

(Tett 3) Appparatiro surface aged I week 

Bright 

Bright 

(Teat 7) .Specific gravity at 77® F 

1 18 

1 20 

(Teat 9fc) Penetration at II.^® F (.50 g , .5 sec).. . 

235 

166 

Penetration at 77® F (1(K) g , .5 sec ) 

20 

6 

Penetration at .32® F (200 g., 60 sec.) 

2 

1 

(Teat Of) ConHiateiicy at 11.5® F 

1 0 

2 7 

(lon.'dstency at 77® F . 

20 2 

28 0 

CofiHixtency at .'{2° F 

>100 

>100 

(Tert 9d) Husceptiliility factor 

>100 

> 100 

(Teat Iflft) Ductilitv at 11.5® F . 

50 

6.5 

Ductility at 77® F 

85 

44 

Ductility at :i2° F 

0 

0 

(Teat 11) TeriMile Htnuigth at 11.5® F . 

0 2 

0 4 

Tensile strength at 77® F 

4 0 

7 5 

Tensile strength at .32® F 

7 2 

6 0 

(Test l.5«) Fusiiig-pomt (K and .S niethiid) 

102® F 

128J® F. 

(Tost 1.56) Fusing-point (H and U method) 

12<l® F 

149'’ F 

(Test 1.5c) Fusing-poinl (eiibe inetho<l) 

134^ F 

1.591° F. 

(Test 16) Volatile matter .5(K)® F , 4 lirs 

10 2% 

7 8% 

(Test 17a) Flash-point 

.328® K 

365® F. 

(Test 10) Fixed earhon 

27 7% 

25 1% 

(Test 21a) .Soluble in earbon disulphide 

97 .3': 

87 8% 

(Test 216) Mnn-rnineral matter insoluble 

2 .5<’; 

11 8% 

(Teat 21c) Mineral matter 

0 2% 

^ 0 4% 

(Teat 22) Carbenes 

0 2% 

4 7% 

(Teat .35) Hulplmnation residue 

8 2% 

30 7% 

(Te.at 37) .Sapomhable matter 

0 2% 

0 7% 


Water-gas-tar and oil-gjis-tar pitches may l)e distingiiisheil from coal-tar pitches hv: 

(1) 'Phe small percentage of “free carlwn’’ (non-rnmeral mat ter insolul)le in 
carbon ilisulphi le) 

(2) The possible presence of pir.iffine wax (when non-asphaltic or mixed-lvise 
petroleums are used). 

On the other hand, water-gsus-tar pitch may be distinguished from oil-gas-tar 
pitch by the following: 

(1) Ijower specific gravity of water-gas-tar pitch. 

(2) Larger percentage of sulphonation re.sidue from oil-gas-tar pitch. 

Both of the.se pitches are largely susceptible to changes in temperature, they 
arc highly resistant to the prolonged action of moisture, and are adapted for man- 
ufacturing low-priced solvent paints because of their ready solubility in “coal-tar 
naphtha." 



C’HAITKH XIX 
PETROLEUM ASPHALTS 
VAHIKTIIX OF PFTHOI.FFM 


“ pKTHiiLKi'M asphalts'* ar(‘ obtained from iH'troleiimH by distillation, 
blowing; with air at elevated temj)eratur(*s, and in the refining of eertain 
distillati's ^\ith sulphurie acid. Thes* methods will be describe<l in 
Kreater detail later. 

Petroleum as it oeeiirs in tlilTereiit part.-' of the world, varies 
widi'ly in com|H)sition. C.Viiain varieties are com|K>s(Hl of oihui chain 
hydrocarl Kins (p. dO), others are made up exclusively of cyclic hydro- 
carbons (p. .‘U), and still others (K'cur showing ev<*ry possible gradation 
b(‘twe(‘n thes<' two extremes. Numerous chussi heat ions liave In'en pro- 
posed, based on its chemical eomfxisition in geiKTal, or the presence of a 
substantial proportion of characteristic iMnlies, such as the paraffine series 
of hydrocarlsHis, the naphthene series, sulphur derivatives, nitrogenous 
bodies, lienzols, terpenes, etc.* 

I'roni the standpoint of the mlul hydroearl)on8 present, petroleums 
. ay be dividinl into three groups, viz.: 

(1) Hearing a substantial (piantity of solid paraffines. 

(2) Hearing a substantial proportion of asphaltic Ixxlies. 

(d) Of nii.xed composition, liearing l>oth solid paraffines and asphaltic 
bodies. 

The .solid paraffines are u.sually associalerl with open chain hydro- 
carbons, and the asphaltic l>odie.s with the cyclic hydroiarbons. The 
two extreme types of |K*troleum, and the innumerable intennediate groups 
are repre.sented empirically as follows: 


Extreme Types 

Cornpased of of)en-chain hydro- 
carlx)ns. 

Presence of solid panifhnes. 
Absence of asphalt (i.e., “non- 

Sulphur and nitrogenous bodies 
may or may not be present. 


Intermediate 

Types 


“Aftxed Ease 
Petroleums’* 


Extreme Types 

(,’omfK)«‘d of cyclie (aromatic) 
hydror/irl>ons. 

AIjsencc of solid paraffines. 

Premmee of asphalt (i.e., “a«- 
phaltie.”) 

Sulphur and nitrogenous bodies 
generally present. 


' for a detailed ronHuJer&tion of lhi» complei subject, the reader refrrrwl to tho riofllent 
works of C Engler and H. v. lldfrr, C. F. Mabery. K. W. ChanUebkofT, N. A. Kwjatkowsky, 
M. A. Rskuaui, etc. 
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Open chain hydrocarbons predominate in the ijetroleums produced in 
the Appalachian field (Pennsylvania, New York, southeastern Ohio, 
West Virjdnift) Kentucky and Tennessee), the Lima-Indiana field (em- 
bracing western Ohio and Indiana), the Canadian and the Alaskan oil 
fields. These arc non-asphaltic, and generally carry solid paraffines. 

Both open-chain and cyclic hydrocarbons arc present in the petroleums 
produced in the Illinois, the Mid-continental (extending over Kansas, 
Oklahoma, northern Texas and northern I.ouisiana in the neighborhood 
of ('addo and Do Soto) and in the Mexican oil fields. I'hesc are representa- 
tive of the mixed-base petroleums, and carry both asphalt and the solid 
paraffines. 

Cyclic hydrocarlwns predominate in petroleums prcxluced in the (lulf 
field (including southern Texas and .southern Louisiana), the California 
field and tlie Trinidad field. These are representative of the asphaltic 
petroleums, and arc usually free from solid paraffines. 

The following refineries producing petroleum asphalts were reported 
operative in the United States during 1916; 


California: 

Illinois: 

Indiana; 

Louisiana. 

Maryland: 
Mi.*woun 
Now Jorsoy 
Now York: 
Ohio: 

Pennsylvania: 

Texas: 


16 refineries utilizing California crude oil 
3 refineries iitilizinR Illinois oil 
I refinery uliliziriR Kansas and Oklahoma oils 
1 refinery utilizing Oklahoma and Kansaa crudes 

1 refinery iitiliziriK Texas mide 

2 n'fineries utilizing Mexican rrude 
.3 refinerie.s utilizing Mexican crude 

1 refinery utilizing Oklahoma and Kansas crudes 

2 refineries utilizing Mexican crude 
1 refinery utilizing Mexican crude 

I refinery utilizing Mexican and IliinoH crudes 

1 refinery utilizing Mexican crude 

3 refineries utilizing Texas crude 

2 ri'fineries utilizing Texas and Mexican crudes 
1 refinery utilizing Mexican crude excliiHncly. 


PRODUCTS OBTAINED EROM PETROLEUM 

There is great confusion in the nomenclature of the products derived 
from the distillation and refining of petroleum. Many terms have Ix^cn 
suggested, both scientific and proprietary, but no standard system of 
terminology has been adopted for the purpose, much as it would be 
welcomed by the industry. 

In general, petroleum distillates are classified into seven groups, and 
the residual products into six. E)ach group is designated by various names, 
in some cases depending upon the use to which the material is to be put, 
in others, upon its physical characteristics, and in still others by fanciful 
terms having no special significance. ’ These will be considered in greater 
deUil. 
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Distiilites 

(1) Gasoline. The best practice restricts the use of the word ''gasoline" to 
light petroleum distillates suitable for gasification in a vaporiicr, as for examplei 
in a gas machine, gasoline torch, gasoline stove, automobile carburetor, etc. 'I'he 
term gasoline has been variously referre<l to by the following expressions: 

Petroleum Ether. Th'-i is sometimes applieil to prodiict.s ninging in sjedfic 
gravity from 0 590-0.700 (108-70'’ Baumc), occasionally U‘rme<l cymogi'iie (108 91)'^ 
Baumc, etjui valent to 0.590-0.6.%), canadol (S,5~70* Bauiin^, eiiuivaleiit to 0.650 t).700), 
rhigolone (10.'1® Baumc, equivalent to O.(KH)) or Sherwood oil (boiling between 40 
and 70“ C ). 'I'hese e.\prt*.s.sion.s are raitdy u.sed. 

Pitroienm i>pmU. A term rarely applied to products ranging in specific gravity 
from 0 679-0.745 (76^ 58'’ Baumc). 

Light Pttroleum. A term infrequently npplieil to distillates varying in specific 
gravity from 0.642 0.729 (88 62° Bauim ). 

Ligroin A name indiscriminately applied abroad to the lower boiling-point 
fractions; synonymou.s with "petrol" or “light iMjtroleum"; used to designate 
gasoline for ofierating automobile motors. 

(2) Naphtha. The terms “gasoline” and "naphtha" are generally used syn- 
onymously, but the liest practice re.stricts the wonl “naphtha" to light jietroleum 
products u.'^cd a.s solvent.'^, as for example by varnish and i>aint makers, soap makers, 
cleaners, etc., fractioned after the giusohne and licfore the kero.sene. I'he lollowing 
U'mi.s have also liceri employed to liesignate this pitMluct: 

Benzine or Benzoline. The.se are u.sed to a limited exbmt synonymously for 
naphtha. 

“ P. M. if* P. Ndphlha.*’ 'rhi.H is an abbreviation for "varnish makeni and 
paint naphtha/’ and is used to designate a solvent .suitjible for manufacturing 
varnishes and paints. 

Turpentine Snb.^tituU'. A closely fractioned di.^till.ate Ixdween naphtha and kero- 
sene, having a fairly high flash-isunt (Udween SO aiul 105° K., ofien cup t<*st). 

Cleaning (hi. .V low lK)iling-|)oint naphtha use<l for “<lry cleaning" jairfiofles. 

Notk. Naphthjis arc distinguished by their .qiecific gravity, e.xprossed in degrees 
Baunv'; thus 62“ naphtha nders to a finxluct having a gravity of 02° Baum<^ 
(sp. gr 0.729), etc. 

(3) Kerosene. This tenn is applied to the distillate fractioneil after the "naphtha" 
and l>efore the "ga.s or fuel oil," suitable for buniing in lamps or stoves by means 
of a wick, either for illuminating or heating |nir|H)ses. K(*r<wenes are distinguished 
by their gravity e\preH.se<l in degrec.s Baumc, by their fire test (temfierature at 
which the va|X)rs ignite), or by their color (thus, "\V. W." or "water-white" 
kerasene is colorles.s, "prime-white" has a straw color, "standard-white" a pale 
yellow color, etc.). 1'he following tenns have U*en used synonymously for kerosene, 
viz.: illuminating oil, lamp oil, burning oil, stove oil, coal oil, carlx)n oil, white 
oil, head-light oil, signal oil, engine distillate, etc. 

(4) Gas or Fuel Oil. 'fhese expressions, also sometimes designated "intermediate 
oils," or "middlings," ire applied to the distillate obtained lietwecn "kerosene" 
and "lubricating oil.” They usually have a high lx>iIing-point (606-650* F.) and 
a low gravity (30-42° Baum^*). 'Bhis distillate is tenned "gas oil" when it is 
used for enriching illuminating gas (p. 231) or for manufacturing carbureted 
water gas (p. 256), and it is colled "fuel oil" when used for power or heating 
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purposes (vi*., for firing steam boilers, locomotives, heating retorts, smelting, etc.). 
“Fuel oil" is sometimes referred to under the names “power distillate," “orchard 
oil," or “smudge oil" (i.e., when burnt in orchards to keep away frost). 

(5) Lubricating Oil. This distils over after the “gas or fuel oil." In the 
case of paraffine-bearing petroleums, paraffine wa.x is separated from the lubricating 
oil by cooling and filtering. Lubricating oil has been exploited under various 
fanciful names, likewise appellations indicative of the use for which it is intended, 
including the following: neutral oil, spindle ojl, cylinder oil, mineral sfxirm oil, 
mineral seal oil, mineral colza oil, paraffine oil, straw oil, machine oil, engine oil, 
gas-engine oil, automobile oil, compreaser oil, ice-rnachine oil, dynamo oil, harvester 
oil, cream-separator oil, transformer oil, floor oil, etc. 

Lubricating oils are designated by their viscosity (in terms of the Saybolt A 
viscosimeter), their s{)ecific gravity (degrees liaumc), and fl:ush-point. For certain 
purposes they must withstand low t(‘m|)cratiires without solidification, and for 
others, high tenifieratures without carlionization or apprecialde loss of volatile con- 
stituents. 

(6) Paraffine Wax. This is rlerived from paraffine-l>earing petroleums, being 
separated from the lubricating oil and paraffine di.stillatcs by cry.stallization at low 
temperatures and filtcr-pre.ssing. It is distinguished by its color and melting-point. 
The terms “jiarafline scale" and “scale wax" are genendly applied to the low 
melting-point variety, and “refined paraffine wax" to the harder variety. Its 
melting-point varies from 100' 135® F, (see p. 307). 

(7) Wax Tailings. 'I'his represent the fraction obtained in the dry distillation 
of petroleums, and recovered immeiliately prior to coking. It is peculiar in its 
properties and generally free from paraffine wax (see p. 310) 


Residues 

The following repro.scnt the various chusses of residual products obtained in dis- 
tilling {lotroleums: 

(1) Residual Oil. This term is applied to the residue obtained from the 
dry distillation of paraffinc-licaring fietrolcuin, the steam or the dry distillation of 
mi.xed-biuse ixitroleums, and the steam distillation of asphalt-l)caring petroleum. It 
is characterized by being liquid or semi-liquid at room temperatures. The following 
terms are used .synonymously with residual oil, viz.: asphaltum oil, liquid a.sphalt, 
black oil, flux oil, petroleum tailings and sometunes also fuel oil. When it is derived 
from paraffinaceous petroleum it is .sometimes called “paraffine flux." 

Note. Rtmd Oil and Dml-Uufing Oil, are ti'mic applied to the residual asphalts of 
liquid to semi-liquid consistency used for laying particle.s of dust on roads, includ- 
ing also the harder residual asphalts rendered liquid by dissolving in “gas or 
fuel oil,” the solvent lieing suppased to evaiwrate slowly, in time leaving the 
dust particles covered with an adherent film. 

(2) Residual Asphalt, fi'his is applied to the residues obtained from the steam 
or dry distillation of mixed petroleums and the steam distillation of asphalt-bearing 
petroleum. It is characterized by being semi-solid to solid at room temperature. 

Note. Road-binder. This term is applied to residual asphalt distilled to the 
proper consistency, or mixtures of residual asphalt with blown asphalt. These 
are not supposed to evaporate and are used for binding road-making materials 
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together. The term is used synonymously with “carpeting medium” and “seaJ- 
coating material.” 

(3) Blown Asphalt. A term used to de.signate the products obtained by blow- 
ing air through residual oils at elevated tem|)(‘rjitures (see p. 2S7). This term 
is used synonymoasly with “oxidized lusphalt,” “o.xygenized a4sphalt,” and “con- 
densed asphalt.” 

(4) Sulphurized Asphalt. 1'his term is applied to the product obtaine<l by 
heating residual oil or residual asphalt with sulphur at a high tcinf)eratijro. 
This name is also used synonymou.sly with “Dubbs asph.-dt,’’ “Pittaburgh flux,” 
or “Ventura flux.” 

(5) Sludge Asphalt. This term is applied to the asphalt-lik(? pro<luct separated 
from the acid sludge fmiduced in the rt*fining of })elrolcum distillates with sul- 
phuric acid. (S(*e p 303.) It is also known under the names “acid asphalt” 
and “acid-sludge asphalt.” 

(6) Coke. This is the rc.sidue protluced in the dry distillation of non-asphaltic 
or inixed-ba.se |>etroleums (.sec p 2K‘i). 

In addition to the foix'gomg, the following product is obtained by treating {wtro- 
leum in a sjiecial way: 

Petrolatum. 1'his name is applied to a pnaluct obtained by diluting crude 
paraffinaceous })ctroleum with naphtha and then subjecting the mixture to a low 
teinf)erature, when a residue .settles out, which is ilrawn off and distilled until the 
naphtha is rtunoved, whercu[K)n it is decolorized by filtering through fuller’s earth. 
It is likewi.se known under the names vaseline, iietroleum jelly, licjuid paraffine, etc. 


DEHYDIiATION OF PFTHOl.EUM 

Nearly all crude pdroleunis carry more or h'ss water, some being 
entrained mechanically, and in other (uses ludd in a .state of emulsion. 
Before the iK*troleum can lie distilh'd, the water must be separat(‘(l. 
The following methods are used for thi* purpose: 

(1) Sittlwg. This method is similar to that dcscrilK*d under tars on p. IHl, 
and is only of value when the water is not emulsified with the oil. I'he oil in 
maintained at 1(K>-150® F, with steam coils at the Isittom of the tank to increase 
its fluidity and promote the water settling. 

(2) Heating under Preamre. 1'hi.s method has given good results with certain 
viscous California [letroleiims (es|KM-ially those obtained from the Coalinga district), 
in which the water is jiartly entrained mechanically, and partly carried in a state 
of emulsion. The method consists in passing the oil througli coils of pipe heated 
in a furnace to 250-3(X)° F. under pre.ssure.' U|)on releasing the oil at atmospheric 
pressure in an air-cooled tow^r IS ft. high and alwut 16 in. in diameter, the 
globules of water are converted into steam and this with the light oils, are led 
from the top into a water-cooled condenser, where the oils are recovered. I'he 
residual oil is drawn off at the lx)ttom. The plant is illustrated in Fig. 104, 
Another alternative consists in heating the petroleum under pressure in a closed 


• Htrdivon, Tran*. Am In$t. Mintng Enq., ft, 637, 1015, 
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receptacle to allow the water and impurities to settle out, and then permitting 
it to cool quietly.* 

(3) MiUiff Hot-nir System. Air heated to 1000° F. is blown through a per- 
forated pipe into a tank carrying the cold oil. This converts the water into steam 
and vaporizes a small quantity of light oils which are recovered by passing the 
vapors through a condenser. 



From “Tho Atneriran Petroleum Industry,” by Haoon and Ilainor, 

Fig. 104. —Plant for Dehydrating Petroleum. 

(4) Electrwdl Method This h.as been ficrfectcd by Cottrell, and is similar to 
Method 7 doscrilted under “ Tar” on p. IHO, consisting m subjecting the crude petro- 
eum to a current of 10,000 to l/ijOfM) volts. 


METHODS OF DEFINING PETROLEUM 

The dehydrated petroleum is separated into various commercial 
products by fractional distillation - (see p, 206). The proccwss may be 
intermittent or continuous. Both systems are in vogue, and each will 
be considered separately. 

Intermittent Distillation Processes. Petroleum may be distilled inter- 
mittently in either horizontal or vertical stills. Horizontal stills arc set 
in brick walls which may be carried up on all four sides so that the still 
is completely enclosed, or else the ends may be allowed to project free. 
In the usual form, cast-iron lugs are riveted to the sides and allowed to rest 
on the brick work. In another form, metal loops are riveted to the top of 
the still, to engage hooks supported by “ I beams resting directly on the 

« U 8 Pat. 890,762 of Jun 16, 1908 to J. A. Dubbs. 

‘"American Petroleum Industry,” by Bacon and Hamor; “The Manufacture of Petroleum 
Products," by F. 0. Robinson, Chem. Eng, It, 389, 1913; “Das ErddI,” by Engler-Hofer, 
loo cit, 
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brick walls or on metal columns outside of the setting. The walls are 
usually carried up half-way, the ends and upper portion of the still l)eing 
covered with some non-conductive material to prevent radiation and 
loss of heat. 

Heating is effected by means of gas, oil or coal, depending upon which 
may be procured cheapest locally. Cos or oil is introduced through 
specially constructed burners, and coal is burnt on a simple form of grate. 
The stills may be fired either at the ends or the* sides, the latter giving a 
more unifonn distribution of heat. Modern stills arc made large enough 
to carry 1000 to 1500 barrels (of 42 gal. each). ^Phe diameter varies 



from 10 to 15 ft., and the length from 40 to .50 ft. Two fonns of an 
800- to 900-barrel still are shown in Figs. 105^4 and 105/^, the fonner being 
equipped with a dome and the latter without. 

A vertical still of greater diameter than height with a donie-shap(‘d 
top and a concave l)Ottom was fonnerly used extensively in this country. 
It is popular abroad, and is occa.sionally encountered in the United States, 
but is rapidly going out of use (.some are used in the Kansas and Pennsyl- 
vania oil fields, 16 ft. in diameter and 10 ft. high, mounted over a series 
of arches). 

The vapors from the still (A) are led to the condenser, consisting of 
coils of pipe (M) surrounded with water in the tank (L). The con- 
densate is conveyed through “ running lines ” (0) to the “ tail house (N) 
where the lines are provided with “ look-boxes ” (P) so the operator may 
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ascertain the gravity and observe the appearance of the distillate. From 
the look-boxes tlie linos connect with a manifold (Q) to deflect the 
'' stream into any desired receiving tank. The installation is illustrated 
diagramrnatically in Fig. 106. The fuel is burnt on the grate {E), the 
hot gases passing over the fire-arch (C) into the flue (D). The iush-box 
is represented by (B), the pipe for introducing steam by (G), and the 
pipe for drawing off the residual by (//). 

The intermittent distillation may be carried on either with or without 
the use of steam. When steam is employed, the process is known as 
“ steam distillation,” otherwise it is termed ” dry distillation.” 

(1) Dry Dutillation. This is sometimes termed the “ straight ” or 
” destructive ” or “ cracking ” process, by means of which a certain 



proportion of the higlua- l)oiling-j)oint constituents de(‘ompose or break 
down, forming correspondingly larger yields of the low boiling-{)oint 
constituents. The dry distillation proc('ss is ac(*ordingly used wh(*n 
the distiller wishes to produce the maximum amount of gasoline and illu- 
minaling oil, or in cases where the cru(K‘ is unfit for manufacturing lubri- 
cating oil. Non-asphaltic jK'troleums are ordinarily tn'atcd by this method 
on account of the high price commanded by them* low l)oiling-point dis- 
tillates. In this process the complex molecules are broken down into 
simpler ones upon subjecting them to a prolonged heating at temperatures 
at which they arc unstable. 

(2) Steam Distillation, This is also termed the “ fractional ” dis- 
tillation process and consists in introducing dry steam, tenned “ bottom 
steam ” into the still, which assists in the vapt)rization of the volatile 
constituents and minimizes deconijwsition of the distillate and residue. 
Its action is based on the physical law that the lK)iling-point of a pair of 
non-miscible or sliglitly miscible liquids is lower than that of either pure 
component. The introduction of steam, therefore, serves to materially 
lower the boiling-point of the petroleum, and produces the maximum yield 
of heavy lubricating oils, It also tends to economize in fuel, and to shorten 
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the distillation process. The steam uix)n IxMnj? dried by passing through a 
trap is introduced through perforatixl pi|H‘s at the bottom of the still, only 
when the temptMature of the contents exeeixls the Iwiling-point of water. 

Sometimes a partial vacuum is usch] in conjunction with steiun to 
still further reduce the tendency towards cracking, thus increasing both 
the quantity and quality of the distillates, and reducing the duratiorj of 
the process. This is ba.sed on the well-known physical law whereby the 
l)oiling-iX)int of a liquid decreases with a reduction in atmosi)herie pr(‘ssure. 





From "Tlio Amorirau IVfrolouin Ii'ilustry," l»y Baron and llainor. 
Fig. 107 -Tower .Sy‘'ten> for Uistilling Pelroleum. 

Another modification consists in interjKKsing a series of air-cooled 
“ towers between the .still and the conden.ser. The.sc act as dephlegma- 
tors, and result in a .sharp separation of the various fractions, since the 
condensation which takes place in the towers wa-shes the ascending vapors 
and purifies them. The vapors are conducted from the bottom of one 
tower to the top of the next, and so on, and separated into as many 
fractions as there are towers. This obviaU^s the necessity of redistilling 
the fractions. The tower .system is illustrated in Fig. 107. 

Continuous Distillation Processes. The continuous process was first 
perfected in Russia and is now being used very largely in the United 
States, particularly in the Ciulf and California oil fields. 
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Numerous methods have been suggested and tried for distilling petro- 
leums continuously, only two of them, however, have come into use gen- 
erally, viz.: the topping proceas ” and the Livingston process. They 
reduce the cost of treatment, increase the output of the plant, and effect a 
sharper and cleaner fractioning of the distillates. Steam may or may 
not be used. 

(1) Topjring Process. This is also known as the '‘skimming ’’ process, 
the object of which is to distil the gasoline, naphtha, kerosene, and in 
certain cases the gas or fuel oil without, however, removing the lubricating 
oil. Most of the refineries in the California, Louisiana, Texas and Mexi- 
can fields do not produce lubricating oils on account of the inferior products 
derived from the respective petroleums. As a much more expensive 
equipment is required to inanufacture lubricating oil, even when the 
crude does contain good lubricating fractions, refiners will often avail them- 
selves of the topping process to reduce the cost of efpiipment and plant. 

Various forms of toppitig plants are used, all operating in accordance 
with the principle employed for dehydrating petroleum by “ Heating under 
Pressure ” (see p. 209). The oil is first passed through coils of pipe and 
heated under pressure in a furnace, and then allowed to expand into 
a vertical separating chamber where a suitable spr(‘ader causes it to flow 
downward over the walls in a thin film. The uncondensed vapors are with- 
drawn from the top and passed through a water condenser. The topi)ed 
oil flows from the bottom into a heat exchanger where it transfers a good 
portion of the heat to the crude oil on its way to the furnace. The 
exchanger consists of pijx's surround('d by wall-insulated pipes of larger 
diameter. The crude oil is passed through the inner pipes and the 
topped residuum through the outer ones. A typical illustration is shown 
in h ig. 108. 

The liquid to semi-liquid residuum obtained from the topping 
process is marketed under the names “ asphaltum oiV’ “ residual oil,” 
“ fluxing oil ” or “ road oil,” or if the distillation is carried further, the 
residue may become almost solid in consistency when cold, in which event 
live steam is introduced into the separating chamber to facilitate the 
removal of the volatile constituents and prevent the residue from becoming 
cracked and deteriorating in quality. 

(2) Livingston Process. This was perfected by Max Livingston of the 
Atlantic Refining Company, Philadelphia, the apparatus being illustrated 
in Fig. 109. ‘ It consists of eleven or more stills arranged side by side on 
a masonry foundation (36), with a separate fire chamber (12) underneath 
each still. The crude petroleum passes through the supply pipe (27) 

• U. S. Pat. 728,2.^7, May 19, 1903. 
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into still No. 1 (on the left of the fjKnre) which is provided with an 
internal steain coil (17) to precipitate any water and earthy matter carried 
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The oil freed from water and earthy matters then passes into still 
No. 2 (shown to the right of the first still), provided with a steam pipe 
(30) connected with a branch (31) leading to the bottom of the still to 
assist heating the oil, also with a series of fire flues (14) for the same pur- 
pose. Successive pairs of stills are alternately connected together at 
opposite ends by U-shaped connections (19), joined by elbows (20) to 
stand-pipes (21) inside the stills, the heights of which predetermine the 
liquid levels. Each stand-pipe (21) is surrounded by a sleeve (35) open 
at both ends, the upper end rising above the liquid, and the lower reaching 
a point near the bottom of the still. This device conveys the liqaid 
from the bottom of the still into the following one. 



Fig. 100.— Livingston Apparatus for Continuou.s Distillation of Potrolcum. 

The uppt'r end of the stand-pi|X‘ (21) is brought to a slightly lower 
level in each succeeding still, so that the oil will flow by gravity through 
the entire series. The height in each still is tidjusted to couqiensate for 
the diminution in the volume of its contents corre.spondiug to the (luantity 
of distillate removed. The vapor-space above the liipiid in the series of 
stills increases as the distillation progresses and results in the production 
of purer distillates, due to a partial condensation of the higher Ijoiling- 
point products, which wash the vapors in a manner similar to that which 
takes place in the tower system (p. 273). 

The vapors from each still are passed through separate condensers 
which recover fractions of uniform composition. The number of frac- 
tions depends upon the number of stills in use, the heavy residuum being 
withdrawn from the last one through the pijxi (19). 

An ingenious series of pipes is provided so that in case any still needs 
repairing it can be temporarily cut off, and substituted with another. 

The process is readily controlled, economical to operate, and results 
in more uniform and better quality distillates, It is equally adaptable 
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to the dry and steam distillation processes, also for distilling light fractions 
as well as heavy lubricating oils. 

Steam Distillation of Asphalt-bearing Petroleum. In practice, asphaltic 
petroleum is siibje(*ted oitlier to tlie “ steam distillation process " (see 
p. 272) or to the “ topping process ” (set* p. 274). The distillation is 
designed to separate: 

(1) Gasoline, naphtha, kerosene, and in some (‘ases the gas or fuel 
oil, in which event the residuum will be of a litpi'd or semi-liquid consist- 
ency, designated “ n'sidual oil.'' 

(2) Gasoline, naphtha, kerosene, gas or fiu‘1 oil, and lubricating oil, 
in which event the residuum will lx* of a st'ini-solid to solid consistency, 
designated “ residual asphalt." 

The charge of fx*troleum is distilled until the residue attains the proper 
consistency, which is controlled by sampling the rt'sidue through pet- 
cocks set in the still, or by recording the tem|K*ratur(‘ of the residue, or 
l>y observing the character of tin* distillate. The furtluT the process is 
continued, the higlier the fusing-point and the harder the consistency of 
the residue. The temjx'rature of the re.sidue at the termination of the 
process will vary lietween bOO and 750® F., ami the time of distillation 
lK*tween twelve and thirty-six hours. When the distillation is completed, 
the residuum is run or blown into a clos(‘d cylindrical vessel constructed 
of steel, where it is allowed to c(k)1 until the tcmjx‘rature is reduced suf- 
ficiently to jK'rmit its Ix'ing filled into barrels or drums without danger 
of Igniting on coming in contact with air. 

Where the residue is distilled to a detinite consistency without further 
treatment, the distillation is known as “straight running," and the 
residue a “ straight run asphalt." In certain cases a portion or “ fraction " 
of the distillate is mixed with the residue at the close of the distillation, 
which is tenned “ cutting back," the object of which is to modify the firop- 
erties of the residual product or to economically dispose of a fraction which 
otherwise has little value commercially. 

If the process of distillation is conducted too rapidly, or the tem- 
perature is peniiitted to rise too high, the residue “ cracks " and l)ecome8 
altered in compfjsition, usually with the simultaneous fonnation of con- 
siderable carlxjiiacecjus matter. 

Tabl(‘ XXI shows an outline of the steam distillation process of treating 
asphalt- bearing petroleum, including the production of lubricating oil. 
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The following products are obtained:* 


Gafoliti* Of 60® Bauni6 

Light naphtha ("No. 1 Topa") Of 55® Bnum^ 

Heavy naphtha Of 50 and 45° Baum^ reapectively 

Kerosene Ranging from 40 to 48° Baum^ 

Gas or fuel oil, inriuding a pro<liJct marketed as “orchard heating oil," or “smudge 
oil," ranging from 26-28° Baum^ (burnt in orchards to prevent frost from dam- 
aging the trees), also a fuel oil of 27° Baum4, having a flash-pnint of 150® F. 

Lubricating oil Ranging from 17 to 25° Baiim^ 

Residual asphalt <lf varying hardness and fusing-point 

Road oil Varying in gravity from 20-18® Baum^ 

The following yields are obtained from California asphaltic petroleum 


Gasoline (60® Baum^) 

Naphtha (55® Baum^) 

Kerosene (35-42® Baum^) 

Gas or fuel oil (25 30° Battni^). 
Lubricating oil (17-25° Baum^. 
Residual asphalt. .. 

Loss 


Trace- 20% 
Trace - 1 5*; 
Traci- 30' I, 
. 1(^40% 

1.5-70% 
20 40% 
1- 4% 


Steam Distillation of Non-asphaltic and Mixed-base Petroleums. The 

object of this process is to avoid cracking, and obtain the maximum yield 
of lubricating oil. The stills arc charged four-fifths full with the oil and 
the fires lighted. When the temperature reaches 280® F., all of the crude 
light naphtha has distilled ofT, whereupon steam is introduced through 
perforated pipes at the bottimi, at first slowly, and then more rapidly as 
the distillation progresses. The procedure is shown diagrammatically in 
Table XXII, p. 278. 

The crude heavy naphthas have distilled off wlion the temperature 
roaches 330® F. (about Mo® lower than when distilled dry), the crude kero- 
sene when the tem|x»rature reaches 500® F., (about 125® lower than when 
distilled dry), and the paraffine distillate when the temperature reaches 
620® F. At this point the distillation is 8topi)ed. In the case of non- 
asphaltic crude oil, the so-called “ cylinder stock ” remains in the still, 
and with mixed-base crude, an asphaltic residue remains behind, which may 
either bo marketed as such, or treated with air to produce a “ blown as- 
phalt.” 

The following yields arc obtained : 



Non-uspholtir Pctrolrurii 

1 Mi\cil'l>a»e I’ftroleum. 

Crude light naphtha 

10-15% 

8-13% 

Crude heavy naphtha 

10-12% 

8-13% 

Crude kerosene 

35-50% 

20-35% 

Paraffine distillate j 

15-2.5% 

20- .30% 

Cylinder stock 

8-15% 


AMphelt . ' 


15-20% 

Lots . •! 

2- 4% 

2- 4% 


Ameriegn Petroleum Industry." by Bacon and Hamor, let edition, p, 503. 
■BuUatk No. 33, California State Mining Bureau. 
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Crude light naphtha, crude heavy naphtha, and crude kerosene are 
refined further by subjecting them to: ♦ 

(1) A second steam distillation. 

(2) A chemical treatment with sulphuric acid and caustic soda. 

The paraffine distillate is subjected to a second dry distillation to 
convert the paraffine into a crystalline fonn which may be filtered more 
readily. The distillate is then cooknl to 20 or 25® F. and filter-pressed 
(see p. 307), to separate the so-called “ pressed oil ” from tfie “ slack 
wax.” The prcssetl oil is then steam-distilled to separate the gas or fuel 
oil from the neutral oil stock, and the latter is again steam-clistilled to frac- 
tion the various lubricating oils, which are finally purified with sulphuric 
acid and caustic soda. The slack wax is tre^atetl as descrilxHl on p. 308. 
The cylinder stock obtained as a residue from non-asphaltic petroleum is 
first treated with sulphuric acid and caustic soda and then filtenxl through 
fuller’s earth (a variety of clay obtained in Florida and Georgia, of fine 
texture and low .spixific gravity which has the property of retaining any 
dark-colored constituents). The distillate is forced through an upright 
cylinder having a perforated lx)ttom, and holding 10 to 20 tons of the 
fuller’s earth, under the combined influence of heat and pressure. 

The following cornmcrciai firrxtuctH are obtained by the steam distillation of 
non-il^phalti<• and ini.\cd-bii>M* petroleums: 

(ia,solines varying in gravity from 7(V-86® Baume; 

Deodorized Light Xaphthas varying in gravity from 60-74® Haum^S includ- 
ing: 

V. M. A P. Naphtha (fkmzine) having a gravity of O-’J® Baumi^; 

I3c(slorizcd Heavy Naphthas varying in gravity from 54 -.W® Baumf'; 

Kerostmes varying in gravity frfmi 54-58" Baume; including products of 

52® Baume:' and 150® F, fire test ('‘Export Oil”); 

49® Baume and 1.50® F. fire test; 

48® Baum»* and I.mj® F. fire test; 

47® Baume and 1.50® F. fire test: 

41-.‘J8® Baum5 (‘‘.Mineral Colza Oil”); etc. 

Gas or Fuel Oils ranging in gravity from 38-361® Baumi'*; 

Lubrienting Oils ranging in gravity from 30-32® Baum('‘, including: 

the “non-viscous lubricating oils” (having a viscosity under 1.50 on the 
Saybolt “A” Viscosimeter), and the “viscous lubricating oils” (hav- 
ing a viscosity between 150 and 240). 

Paraffine Waxes, including: 

“Yellow Crude Scale,” “White Scale,” and “Refined Wax." The fusing- 
points range from 1 10-130® F., and are ordinarily marketed in grodee 
of 118-120® F., 122-124® F., 124-126® F., and 126-128® F. 

Refined Cylinder Oils for use in steam cylinders at high temperatures, ranging 
in flash-point from 640-630® F., with fire-points from 660-760® F. The 
higher the fire- and flash-points, the more valuable the oil. 
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dtj Distillation of Non-asphaltic and Mixed-base Petroleums. The 

object of the dry or cracking ” distillation of petroleum is to increase the 
yield of the low boiling-point products, including the gasolines and naphthas. 
The distillation is carried on in the following manner: when the tem- 
perature of the oil in the still reaches 175 to 200^ F., gaseous products are 
first evolved, followed by the "'crude light naphtha,” which continues 
to come over until the temperature in the still reaches about 320° F. At 
this temperature the “ crude heavy naphtha ” commences to distil and is 
fractioned until the temperature reaches 475° F. Then the crude kerosene 
coTnmences to boil over, and is fractioned until the contents of the still 
reach 625° F. A large amout t of “ cracking ” commences at this point, 
and the fires are accordingly moderated to slow down the distillation and 
accelerate the decomposition as much as possible. The “ cracked ” 
distillate is fractioned until the temperature in the still reaches 675 to 
700° F., whereupon the distillation is brought to a close. There remains 
a viscous dark-colored “ residuum ” varying in gravity from 20 to 25° 
Haum6 which may either l)e marketed under the name of " n'sidual 
oil ” or flux oil ” or else distilled separately. The method of pro- 
cedure is illustrated in Table XXIII, p. 270. 

The crude light naphtha, crude heavy naphtha and crude kerosene 
are treated as described under the steam distillation process of non- 
asphaltic and mixcd-ba.se petroleums. The cracked distillate' is steam- 
distilled, and the respective fractions purified with sulphuric acid and cau.s- 
tic sOda, and the gasoline, kerosene and gas or fuel oil separated in the 
manner outlined in the table. 

When the residue is dry distilled in a .separate still known as a “ tar 
still,” the o[X'ration is carried on as rapidly as possible to avoid unnece.s- 
sary cracking, and render tlu' paraffine crystalline. The [)araffine distillate 
comes over first, followed by the wax tailings, until nothing but the coke 
remains in the still, which after cooling is removed with a pick and .shovel. 
The paraffine distillate is treated in the same manner as described under the 
heading “ Steam Distillation of Non-asphaltic and Mixed-base Petroleums.” 

The following average yields are obtained : 



Non-aaphaltK’ IVtrolt uin. 

.Miifnl-hasp I'ctroleum. 

Crud« light nuphthii ... 

5 - i 

! 0-8% 

Crude heevy napbths 

7 -nri 1 

1 13-15% 

Crude kerosene i 

40 -45% 1 

16-18% 

Craoked distillate 

25 - 30% 

20-25% 

Residuum j 

10 -12% j 

40-50% 

liOSS 

5-8% 1 

4- 5% 

CTpon dtttillafion of ihf ntiduum: 

Paraffine dietillate 

8J- 9| parts 

35-42 parts 

Wax (ailing!* 

i part 

1- 2 parte 

Coke 

1-2 parts 

4-6 parts 
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The following represent the more important products obtained: 

Gasolines and naphthas corresponding with those obtained from the steam 
distillation process. In addition, there are obtained a series of heavy 
naphthas ranging in gravity from 56-50^ PaumiS used in the (>aint and 
vanhsh trades and for dr>' cleaning purposes, likewise a naphtha of 
48-50° Uaumc used by vumisli iminufacturers as a “turpentine sub* 
stitute.” 

Kerosenes varying from 52-36° PauiiK^. 

Gas or fuel oils varying from 40-28° Haumt^. The gas oils derived from 
mixed-base ixitroleums have a gravity of 34-36° Paurni'. 

Lubricating oils .similar to those obtained from the steam distillation process. 

Kesiduum ranging from 35-18° Haum^‘. 'I'he residuum olitained from 
non-jL‘<ph.iltic jx'troleum varies from 21-22° liaunn', and is used for 
laying dust (“road oils'’) ami for fluxing harder asphalts. 

Paraffine wax of the same grades iw obtained from the steam distillation 
proceas. 

Wo will now tako tip the a^sphalts dorivod from pot roloum, which may l)o 
chussifiod into four groups, viz.: residual oils, blown asphalta, residual 
asphalt.s and sludgo fusphalts. 


HP:SIDrAL OILS 

Those are obtained in the following manner,’ viz.: 

(1) The dry distillation of non-Jisphaltic p(*troloiim. 

(2) The dry or steam di.stillation of mixed-base petroleum. 

(3) The steam distillation of asphaltic ptdroleum. 

'rh(‘y ar(* characti'rizcd by being liquid to scmi-litpiid at room tem- 
perature (77° F.), having a fusing-p<ant of less than 80° F. (K. and S. 
method). 

The characteristics of the n'sidiial oil depend upon thret* factors, 
viz.: 


(1) The nature of the petroleum from which they are prodticed. 

(2) The extent to which the distillation has been carried. The smaller 
the amount of volatile constituents removed, the more liquid will I)e the 
residual oik 

1^(3) The care with which they have been prepared. 

'‘‘Bituminous Materials for Uw in and on Hoad Surfacea, and Meant of Determining their 
Character," by Clifforil Hichardfwjn, I*roc. Am Soc Truting Matmalt, t, 5W), 1909; ‘‘The Modem 
Asphalt Pavement," by Clifford Hirhardnoft, New York, 1908, ‘‘ Characteriatiet and Differentialioa 
of .Native Bitumena and their Heaiduala," by Clifford Hichardton, Sng. Record, tT, 466, 1913; 
" Labo.-atory Manual of Bituminout Materiala,” by Prfvoat Hubbard, lit edition, pp. 123-137, 
1916. 
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The character of the petroleum from which the residual oil has been 
produced is indicated by the percentage of solid paraffines contained in 
the residual oil and its specific gravity at 77° F., viz. : 



Specific Gravity 

Solid Purufiines 


&t7T>F (Teat 7). 

(Test 33) 

RoHidual oilii from non-k'ipbaltic piitroioum 

0 K5-0 95 

4 0- 15 0% 

Rosldiinl oiU from mixed-baM petroleum. . , . 

0. 90-1. 00 

Trace- 5 0% 

RoHidiial oiU from aMphaltic pelroicum 

0 9.5-1 02 

0 0 0 25' i 


Residual oils derived from petroleum composed principally of paraffi- 
naceous hydrocarbons have the following disadvantages when used {us Huxes: 

(1) They arc apt to show a .separation of solid paraffinaceous hydro- 
carbons at low temperatures, giving the oil a gritty appearance. 

(2) They do not flux with the hard asphalts and asphalt! tes as readily 
as the residual oils derived from petroleums containing a substantial 
amount of aromatic hydrocarlmns. It should be noted that the residual 
oils derived from asphalti(; |X‘troleum constitute the best residual fluxes. 

(3) They are apt to show a separation of grejusy matlc'r (paraffine 
or vaseline-like bodies) after having been fluxed with hard asphalts 
(Tost 3). 

Residual oils from non-asphaltic petroleum are not produced in 
largo quantities to-day, as this character of petroleum is generally distilled 
to recover the lubricating oils and paraffine wax (see “ Treatment of 
Residuum ” in the dry distillation of non-asphaltic petroleum, p. 282). 

Residual oils from mixed-base petroleums may be divided into two 
classes, namely, those derived from mixed-base petroleums produced in 
the United States, and those derived from Mexican petroleum. The latter 
may l)e differentiated by a higher percentage of fixed carbon (about 10 
per cent vs, less than 5 per cent in the United States product), a smaller 
percentage of saturated hydrocarbons (less than 50 per cent vs. greater than 
50 per cent in the United States product), a larger percentage of sulphur 
(greater than 4 per cent vs. less than 2 per cent in the United States 
product) and a lesser solubility in 88° naphtha (about 80 per cent vs. greater 
than 90 per cent in the United States product). 

Residual oils derived from asphaltic petroleums may be divided 
into two classes, viz. those obtained from Trinidad petroleum, and those 
from United States asphaltic petroleums. The former is differentiated 
by a larger percentage of sulphur (greater than 2 per cent vs. less than 
2 per cent in the United States product). 

Another important criterion in arriving at the value of residual 
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oil for certain purposes is the percentage of volatile constituents. The 
greater the percentage of volatile matter, the less durable it will be upon 
exjK)sure to the weather. This is important when the residual oil is 
used to flux harder asphalts and asphaltites, in which event it is desirable 
that llic volatile constituents shall not exceed 5 per cent at 500® r\ in four 
hours ('re.st 10). Uesidual oils of this character will withstand exposure 
to the weather remarkably well, either when used alone or in various com- 
binations (as fluxes), and very much Indter than any of the tars. They 
arc not as efficient in this resi)ect, however, as the soft (non-volatile) 
fatty-acid pitches and vegetable aiid animal oils and fats. 

Residual oils in general comply with the following characteristics: 


(Test 1) Color in iniisa 


(Test 2a) lIonioK -neity to (be eje at room (ornperature . 

(Test 26) HoinoKerieKy under (be micro»oop«- . ... 

(Ti'st li) .\piK-arrtnc** surface a«<‘d indoors 

(Test 7) SjK-ciHc jtraMty ut 77“ F 

(Test 8) \iseosHy •• •• 

(Test Oc) Consistency at 77“ F 

(Test 10) Ductilit) .... 

(T. st 13) Odor on beatin* 

(Test l.Vj) FusiiiK'-p‘»i'if I a and 8 method) 

(Test 156) FusinK-|«»f'l (0 and R, method) 

(Test l(’») \ oliilile matter . . 

(I’lst 17(i) Flii'*fi-|ioint 

(T<h| iJi) Rurninit-p*»”0 

(Test 19) FixmI earbon 

(Test 21a) .Soluliility in carbon disulpbide. 

(Test 216) Voii-tiiim ral mutter insoluble 
.Mini rut matter 


Brownish black io 
black 

llniform to Rritly 

Fmform to lumpy 

Variable 

0 85 ] 05 

Variable 

0-7 

, Variable 
Oily 

0-80“ F. 

10 98“ F. 

Variable 
31H> .')r»0“ F. 

35(1 O.W® F. 

2 - 10 % 

08 100% 

0 i% 

0 i% 


(Test 22) 
(Tent 2:i) 
(Teat 2-1) 

Curbciu .H 

•Siliibility III 88“ riHpblbn 

.Solubility 111 other Molvenla 

0 1% 

HO 99% 

. Soluble in tienaol 
and turpentine 
and partly aol* 
ubie in alcohol 
and acetone 
0-Tr. 



Tr - 5% 

(Tf'Mt 2>i) 

(Teal 30) 
(Teat 33) 
(Teat 34) 
(Teat 3.-)) 
(Teat 37) 


0-3% 

iJzyKon • 

Paraffine 

.Saturated hydroearl)ona 

Sulphonntion reaidue 

Saponifiable conatituenta 

0-15% 

.30-90% 

90 100% 

Tr- 5% 

(Teat 40) 

rt ftction .. .•»» 

No 

(Teat 41) 
(Teat 42) 

AnthruiuiDonc reaction 

No 


Table XXIV includes a few of the author’s tests on typical n*8idunl oils. 

Residual oils are so soft and liquid that it is impossible to ascertain their hard- 
ness by the needle iienetrometer (Test 06) or their fusing point by the cul>e method 
(Test 15c). The consistometer (Test 9c) and the viscosity test (Test 8a, b, e, d, e and 
f) are accordingly used for recording their liquidity, and and Kramer-Samow or the 
ball and ring methods for determimng their fusing point. 

For a description of “road oils,” see pp. 363-i36Q. 



table XXIV.— characteristics of typical residcal oils 
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Dull, S D. =Slightly Dull, B=Bnght, 
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BLOWN PETBOLKl’M ASPHALTS 

These arc manufactured from residual oils deriv(‘d from asphaltic, 
mixed-base or non-asphaltic |x*troIeums, by blowing with air at elevated 
temix'ratures. 

It hiis been recognized for many years that ix'troleum products lH‘coino 
changed in their physical projx'rties by tn'ating with oxidizing agents 
or air. One of the first to report this was (I('sner in 1805/ who 
remarked that 


“Organic Mih'^taiu'cs arc o\i(iiZ4Mi \>y tlic altiio^plicrc, and its action prtnnoU'd 
1j\ a high toni|)craturc. Hot air has tl«*n‘torc Ih'cii forced through hydrocurUni 
od during the jiroivs-^ of |)unlication, and in soiia* instances witli advantage." 

In 1876 W. P. Jenney patenttnl the proc(‘ss of treating sludge oil 
obtained in refining |X‘troleum with sulphuric arid, with a current of air 
jit a tenip(‘rature of 2r)0® (\- He observcnl that a resinous substance was 
pnxluced by tlu* absorption of atmospheric oxygen by th(‘ oil. 

I)(‘ SnuKlt pateiPtHl a process for oxidizing coal tar with |)otassium 
fiennanganate or ixMiiianganic acid at a tem|M‘ratur(‘ of 300° F., ‘ also 
the method of oxidizing |X'troleum ivsidues in a similar manner.'* 

The first to manufactun' blown asphalt on a conmierc’ial scale was 
F. X. Byetiey, w ho obtained a patent in IHIM ’ for drawingairthrough |K'tro- 
leuni residues (and s|H‘cifically those deriv(‘d from Lima, Ohio crude' oil), at 
temix'ratures lx‘tw(‘<‘ii KK) and 6(K)° F. In this way he' obtaiiu'tl “ pitclu's '' 
of variable firoiKTties deix'iiding upon the* teaiiixTatun* and the duration 
of the blowing process. For the softer grades (fusing undcT 2(K)° F.), 
the Lima residuum was blown three days at KK)® F., during which 2 jXT 
cent of distillate wrus produced. For the hanh'r grmles (fusing at alxuit 
d(X)° F.) the residuum was blown four to fivi* days at 5(K)° F., during which 
Ixitw'een 5 and 6 per cent of distillate was recovered. 'I'lie pnxluct was 
claimed to lx* rcsi.stant to changes m atmospheric temix'rature, and to 
difTer from tlie corresixjnding steaiiMlistilhxl asphalt by being rearlily 
soluble in iK'troleum Ixinzinc or naphtha. Hyerley marketed the product 
under the name of “ byerlite.” p. 18.) Air under a pre.ssure of 

from 6 to 7 lb. per sejuare inch was iMi.ss<'d through a 6()00-gal. still of the 
oil at the rate of 4.50 cu.ft. ix*r minute. Ohio petroleum residue of 21 

>“ A Prartical Trcatis** on Pelroli-uin ami OiImt DiKtillt-^l Oil*,” 2<1 Kilitioii, IS65, p. 12S. 

*r. S Pats 17S,(X1 an.l 17H.1.54. bolli of Mn> .K). 187<*. 

* r S Pat of Jiin 2.'i, l.SHl to K J !)«• Simnlt 

• r S Put* 2.'17,<Ki2 of Ffb. H. 1881. ami 2:W,l<Ml of Mar. 29. IHHI to K- J De Smedt; Alap 
Enjj Put. of tvs 28. 1881. No 849 to J 11 Johnaoii 

il’ S Put .V.M.IX), Auk 7, 1894. 
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to 27® Baimi^'* and Texas petroleum residue of 12 to 15® Baum<^ were first 
used for the purpose.* 

<t. F. and (1. K. f'ulmer obtained patents for a similar process, - 
aecordiiiK to which petroleum residues of alK)Ut 18® Baumf'* niixc'd with re- 
fined Trinidad or other native asphalt, were heat(‘d to 103® (’. and blown 
for forty hours. From 3000 to OOtK) eu.ft. of air jxjr hour wen* pass('d 
through a still containing 3^ tons of the residue. After a time the external 
source of heat was removed, .sitice it was found that the temptMaturc of the 
mass increased of its own accord, due to the clieinical changes induced 
by the introduction of air. The oxidation progr(‘ssed v(‘ry rapidly at 
first, and then more slowly, as it approaclied the end of the treatment. 
The loss in weight varied l)etween 5 and 20 ])er cent. 'I’lie product was 
claimed to be lcs.s brittle in winter, and le.ss liable to soften under summer 
heat than asphalts derived from petroleum by straight distillation processes. 

J. A. Dubbs patented a process'* for treating |K‘troleum residues to obtain 
asphalt, which consists in heating them to a tempcaature of 150 to 230° ('. 
and blowing first with air alone, and then with air mixed with steam in vary- 
ing proportions, depending upon the consistency of the product desired. 

In the foregoing processe.s the apparatus is extremely simide, con- 
sisting essentially of a still a.s is use<l for distilling jH'trohMim (Fig. 105), 
the air Ixjing introduced through a .series of pi|H\s at tlu' bottom, ,so arrangc'd 
as to direct it against t he sides. 

According to modern practice, either air alone or a mixture of air and 
steam are blowm through the “topped petroleum ” (i.e., petroleum from 
which the gasoline, naphtha and ilhmiinating oils hav(‘ been removed by 
prior distillation), at 525 to 575® F. for ten to tw(‘nty hours, or until the 
residue attains the desired consistency. It is found unnecessary to use 
any of the metallic oxidizing agents (h'seribed in th(‘ earli(‘r patents. With 
Mid-continental residual oils, the loss varies between 10 and 20 iK*r 
cent and with California residual oils Indween 25 and 35 per cent,* 
deiKiiiding upon the fusing-point of the blown product. 

' Byrricy nfe, Tho Sun Co , Circuit Court of th<> U S for the f>f P<‘tit)<»ylvnni«, 

Oct. ScBsion, 1908, No 201. Si>c nlw U. S Put 0.14,818 of Oct 10. I.s<l9 to J W Hn>ward 

*U S Pfttn. fi:i, 1,429 and 0.1.1,410 both of Oct 24, 1.S09 

•U. S Pat 1,0,17,227 of .Mar 2.1, 191.1 

‘In this case the disttlintc consults of a rcddi-^h oil alxuit 21® Baunit^, vslurh on rcdisi illation 


3deld8; 

Naphtha (4,1® B(i ) . 1 ^' 

Kcrowuio (.1.1® B# ) , . . 10% 

C.as oil (28® B^ ) .... 20% 

Light lubricating oil (2.1® B<t.) . . . 2.'»% 

Heavy lubricating oil (19® B6 ) 20% 

Black rcs'duuni. . . 1.1% 

Low ... . .1% 

ToUl 100% 
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Comparatively little is known rcgardinR the exact ohemi<*al reactions 
which take place on blowing. Anal 3 '.sis shows that little oxygen actually 
combines with the asphalt.* It seems to be fairly well e.stablisheil that the 
effect of blowing is to eliminate hydrogen, which unite.s with the oxygen 
of the air, fonning watiT. The proce.ss is also manifested by a condensing 
action, whereby the hydrocarbons polymerize, forming Ixxlies of higher 
moh'cular weight and more complex structure. 

Blow’n a''phalts varj' in consi.steiR\v from semi“li(|uids to nuxlerately 
hard solids at room temperature. They are marketed under various pro- 
prietary names such as P.ycTlite, Sarco, llydrolene, Texaco, J^arolite, 
Korite, Stanolite, S. 0. BiiiiKas, Obi.sjm, Kbaiu», etc. 

The advantages of “ blowing ” over the steam di.st illation process arc 
as folI<n\s‘ 

(1) The yield of nsphalti<* residue from the l)lowing proce.ss is much 
greater than when steam distilled. In actual jnactice, witli a top|)ed 
asphaltic criule, the yi<‘!d of blown asphalt \aries Udweiui 75 and tH) |)er 
cent. Of tlic balanc(\ ‘JO to 8 jXT cent is recovere<l a,s distillate, and 5 b) 
J per cent repre.-ents l<)s.s. 

( 2 ) Blown petrol(Mim a.sphalts arc less su.sceptible to Uauperaturc 
changes than steam distilled products, and in adilition acejuire a certain 
amount of elasticity and n'siliema*, usually termed “ rubber-like pro|x^r- 
tie.s.” r’omparmg the resj)cctive asphalts of the same fusing-|K)int and 
derived from tlie same crude, we lind the blown product to In? tougher, 
less brittle, softer in consistemy and having a lower “susceptibility fac- 
tor “ (see p. 501) than the .steam di.st died product. 

(3) In many cases it is )K>ssible bv blowing to obt4'iin a r(‘sidu(; of better 
quality than if tie* stea n jliOiPation pro<*e.ss were u.si'd, and in fact the 
blowing proc(‘ss iend(‘r.s many crude pidroleums availabh; which could not 
otherwise be u.sed for pr(*i)aring Z/h/A fusiiig-|X)int asphalts Non-a,sphaltic 
petroleum will produce fairly g(M>d asphalts when blown, wherejis tbe same 
crude will produce worthless residual asphalts by the steam distillation 
proce.ss. It is found that the more asphaltic the crude, the Ixjtter the 
(piality of the blown product, and the .shorter the duration of the blowing 
process. Petroleums of mi.\ed-ba.sc such as Mid-continental and certain 
of the Texas crudes, must Ixi blown very much longer than pure asphaltic 
crudes, including the ( alifornia and Trinidad. 

(4) It is easier to control the “ grade “ of asphalt by blowing. , As 
previously noted, the progress of blowing i.s more rapid at the start of the 
process than towards its conclusion. In other words, the residual asphalt 

‘"Petroleum Analytical Methods," by S. P Sa<ltler. 8th Intern Cong, of Applied Cbem., 
t3. 729-733. 1912. 
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is said to “ come to grade ” very slowly. With steam distillation, the alter- 
ation 18 much more marked at the end of the distillation process, so that 
the steam distilled asphalts come to f^rade very rapidly. In attempt- 
ing therefore, to produce a residual asphalt of a definite fusing-point or 



Fio. 110. — KfT(‘ct of Blowing on tho Fusing-Point and Ilardno'^s of P(‘trf)Iouni Asphalt. 

hardness, the l>lo\ving process is preferable, since it may be controlled to 
Ix'tter advantage. 

Fig. 110 showvS the effect of prolonging the blowing process (at 425° Is) 
on the fusing-fwint (ball and ring method, Test 155), and penetration 
(needle penetrometer-test 96) of a topped mixed-base petroleum’ . 

• "Value of Blown Asphalts and their Manufacture, " H. B, Pullar, Oood 8 , 146, 1912, 
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Fig. Ill illastrates the consistency, tensile strength (multiplied by 
10) and ductility curves of a typical blown jx'ti'oleum iisphalt pHnluccil 
from mid-continental petroleum, having a fusing-|X)int of 127® F. (K. and 
S. mcthoil). 

The care with which blown asphalts ai-e pixpaied largely influences 
their physical characteristics. When ma^le from imjHOiX'r crudes or by 
careless treatment, blown asphalts are apt to have certain defects, viz.: 

(1) When made from non-asphaltic or mixcHl-b{i.‘<<* |K'troleums, the‘y are 
lik(‘ly to pres('nt a “ grejusy ” smfa(‘e, ami esiMrially on standing a few 
days. diu‘ to the jMirtial st'paration of v:useline or jMU'afline-like bodies. 



Temperature , Degrees Fohrenheit 

I'K. Ill — t’lmrt of Phy^'inil ('hiiracloristifs of iUown Petroleum A.^plialt. 

'riii." will 1 k‘ considered inon* fully in (Tiapter XXVIIl (p. 485). Blown 
a'^piialts made fi'oni asphalt tc crudes do not behave in this inaniUT. 

(2) blown iusphalts, and esfK*ciaIly tho.H* of high fu.sing-point, have the 
disadvantage of InMiig “ short,” or in other words, they lack ductility. 
By carefully regulating the process, this defect may be minimized, particu- 
larly if the iusplialt is subjected to a moderate amount of blowing. Jt is 
a faet, however, that the longer the blowing Is continued, the less ductile 
will Ik‘ the asphalt. 

(3) .Asphalts when over-blown, or blown at too high a temperature, 
show a sK’paration of non-mineral matter insoluble in carl)on disulphide, 
and a large peuventage of carlxmes. The former may readily be detected 
under the microscoi>e (.see Tent 26, p. 484), also in certain aggravated em^' 
by the eye, by presenting a dull surface uiwn Ixing disturlxxl (8eeT(ist2a 

p. 181). ‘ 



APSHAITS AND ALLIED SUBSTANCES 


When the hlown /isphalts first appeared on the market, they unfor- 
tunately did net enjoy a f^ood repute, but their quality has improved to 
such an extent that blown asphalts may now lx? procured of almost any 
fusing-point up to 400° F., which are not only more resistant to tempera- 
ture changes, but are at the same time as ductile as any unblown product 
of the same “ grade ” (i.e., fusing-point or hardness at 77° F.) 

In general, blown asphalts comply with the following characteristics: 


(Trst 1) Color in Tnu«H ... ... Black 

(Teat 2rt) UoiiioKcncity to the eye at room temperature Uniform to gritty 

(Teat 26) Homogeneity unHer the microaeopc Uniform to lumpy 

(Teat 2) Apiiearance surface agetl indoors one week,. . . Bright to dull and greasy 

(Teet 4) Fracture Soft grades do not nhow a 

fracture, hard grades 
prc'scmt a conchoidal 
fracture 


. Bright to dull 
Brownish black to black 
0 00-1 07 . 

2-30 
8-40 
Variable 
Variable 
SO 100“ F 
100 12.')° F. 

1 - 12 % 

.l.'iO .V,0° F, 

BK) (•..'•)0“ F. 

.V 20'':, 
y.') 1(H)' J, 

0 .'■•‘’I, 

0 ro 
0 10 ';, 

.*>0 00 '; 

I.nrgely soluble in turpen- 
tine and beii/ol, and 
slighih .'loluble 11) aJfO- 
hol and acetone 


(Test 26) Water Absc'iit 

(Test 28) Sulphur Tr 7 .1% 

(Test 30) Oxygen 2 - 

(Test 33) Paraffine... 0-10%, 

(Test 34) Saturatcil hydrocarbons 30 7.')% 

(Test 36) Sulphonntion residue DO 1(H)% 

' (Teat 37) Saponifiable conatitueut.s Ti - 2% 

(Tost 40) Glycerol ... None 

(Test 41) Diaio reaction ... No 

(Tost 42) Anthraiiuinooc reaction. No 


Fig. 112, plotted by the author from hundreds of determinations, 
shows the relation between the specific gravity and fusing-point of 
residual oils, blown asphalts and residual asphalts. 

Residual oils range in specific gravity from 0.85 to 1.07 at 77° F., 
and in fusing-point (K. and S. method) from 0 to <'''0° F.; blown asphalts 
range in specific gravity from 0.90 to 1,05, and in fusing point from 80 
to 400® F.; residual asphalts range in specific gravity from 1.00 to 1.17 


(Teat 6) Luatre 

(Teat fi) StiH'nk on porcelain 

(Teat 7) Si^ocific gravity at 77° F 
(Teat Oc) Consistency at 77° F. . . . 

(Teat Od) fiusticptibiUty factor 

(Teat 10) Ductility. 

(Teat 11) Tensile strength . 

(Test 16u) Fusiug-point (K. & S method).... 
(Test 166) Fusing-point (Bull and Bing methiHl) . 
(Test Ifi) Volatile matter, 5(X)° F in 4 hours 

(Tost 17o) Flash-point 

(Teat 18) Huming-rxiint 

(Teat 19) Fixed carbon ... 

(Teet 21fl) Solubility in carbon disulphide 
(Test 216) Non-inincral matter insoluble . 

(Test 21c) Mineral matter. . . . 

(Teat 22) Carbi'iii's 

(Test 23) Solubility in 88° naphtha 

(Teet 24) Solubility in other solvents 
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and in fusing-point from 80 to 225® F. The chart siiows that residual 
oils verge into the residual and blown asphalts respectively, and it also 
graphically illustrates the difference between the residual aiid Ijlown 
asphalts. It will be observed that the effect of blowing is to incrt'ase the 
fusing-point and decrease the specific gravity of tlie product. 



Fusing Point. Oegrtes Fah 


J'k; 112 -Relation I'ctwc'cn tho (Iravity .‘ttHl Kuhinn-PoirU of Ui*,si<lual Oils, 

Blown I’ctrolcuin A.splialKs jind BoMilual Asphalts, 

Another method for di.stinguishing Ix'tween blown and residual asphalts, 
devis<‘d by the author, consists in finding their hardness l>y means of the 
consi.stometi'r ('Best t)c) at a temperature exactly o()° F, lower than their 
lii.>mg-point by the K. and S. method. Hlown asphalts show a hardness of 
l(‘s^ than IT), whert’as residual asphalts show a hardness greater than 
io under tlioe condilions. This is illustraU^tl by the following examples: 



F\l*li)R-|a)liit. 

(TihI l.Ml) 

llanliHw 9/*) at 

50'' F Im-Iuw th<; 
FuNing>|M)inl 

Hloun iHtrultum anphaUi 

1 inia tcradc ijd 

91 5 ^^ F 

IIiJ at 41 5'» F. -11 2 

“ 2:.o 

l.Vi 

11(1 at 10.5 0® F -10 1 

■' isr, 

214 

lid at 164 0® F - 7 8 

" " 2 sr, 

271 5 

lid at 221 5® F. - 6 7 

Mu]-conl mental liri 

100 

Hd. at 50 0® F -11 9 

'■ '* 180 

104 

lid at 114 0® F. -10 3 

*• 215 

215 

Hd at 165 0® F. - 8 4 

f{ry%ilunl atphalt» 

California gradi' E ... 

90 

Hd at 40.0® F. -21.5 

" PE 

108 

Hd at 58 0® F -22.2 


124 

Hd at 74 0® F -22.2 

’■ “ C . .. 

146 

Hd at 00 0® F. -22 0 

“ '• CB . . 

168.5 

Hd at 118 5® F. -23.5 

“ B . 

209 

Hd at 150 0® F.-22 9 

Mi.i*continental Rrado 140 

119 5 

Hd at 60.6® F -21.6 

■' “ 180 

1.58 

Hd at 108 0® F. -21.5 
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It is of interest to note in connection with the foregoing figures, that 
for any particular crude, the hardness at the “ fusing-point less 50° F,” 
decreases with the extent of the blowing, but remains practically constant 
in the case of the residual asphalts, regardless of the degree to which the 
distillation may have l)cen carried. 

Upon comparing a residual asphalt with a blown product of the same 
fusing-point, it will be found that the latter is considerably softer, as 
evidenced by its consistency or penetration. (Conversely, upon comparing 
a residual asphalt with a blown product of the same hardness or pene- 
tration, the fusing-jx)int of the latter will be found to be considerably 
higher. It is also interesting to note that blown asphalts are more soluble 
in 88° naphtha (and in other petroleum distillates) than unblown residual 
asphalts of the same fusing-point. 

Blown asphalts, due to their greater softness, and correspondingly 
large proportion of “life-giving^’ constituents, are better weather-resistant s 
than residual asphalts derived from the same cnide, having the same 
fusing-point and showing the same proportion of volatile matter. They 
are alx)Ut equal in weather-resistance to residual asphalts of the same 
hardness prepared from the same crude, and far superior to sludge asphalts 
regardless of their hardness or fusing-point. It is a mooted question 
whether the native asphalts or the blown asphalts excel in weather- 
resisting properties, and to which in the author’s opinion no categorical 
answer can be given.' 

Table XXV includes the results obtained by the author upon (‘xamining 
representative blown asphalts derived from different crudes and blown to 
different extents. 


SULPHURIZED ASPHALTS 

Under the action of heat, sulphur has the same condensing effect on 
asphalt as oxygen. The sulphur eliminates hydrogen, in th(' form of 
gaseous hydrogen sulphide (H 2 S). This reaction may be roughly repre- 
sented as follows: 

CnH2n+S=CnH2n-2-bH2S. 

The process of treating asphalt with sulphur was first disclos(‘d by 
A. G. Day, •' and subsequently by J. A. Dubbs,*' who heated Pennsyl- 

Modern Awphult Pftvcmont," loc nt.; "Value of Blown and Tln-ir Maniifnr- 

ture," by H. B. Pullsr, Good Roads, 9 , 1912; "Amonmn Petr(d«*urn Indiintrv," lf»r rtf 

920-531. 

*"The Kffect of Sulphur on the Oxidation of Hycirorarbon.**. with P.-irfiriilnr Prf»>rrTirr to 
Aaphalt," B T. Brooks and I. W Humphrey, J. Ind K»u Chtm , •, 7-lf). 1917 

5 U. 8 Pat. .W.OIS of Oct. 9. IWJfi to A G Day 

*U. S, Pata. 468,867 of Feb. 16, 1892; 480,234 and 48(),23.’>, botli of Auk 2. 1892; tiLso COS, .372 
of Aug. 2, 1808 to J. A. DubKf 
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vania, Lima and Ohio residuums with 20 to 25 per cent of sulphur, at a 
temperature somewhat below tlie boiling-point of sulphur, until the evolu- 
tion of gas ceased. The resulting product is very similar in its physical 
properties to oxidized asphalt, being only slightly susceptible to tempera- 
ture changes, but it is still further lacking in ductility. l\venty years 
ago, asphalt treated in this manner was exploited under the name " Pitts- 
burg Flux.’’ This was before blown asphalts ap|)eared on the market, 
which on account of their smaller cost of priMluction, soon displacofl the 
sulphurized product. Other proces.ses for vulcanizing asphalts were 
descrilKxl by Peck.* Callender vulcanized a mixture of Trinidiul asphalt 
and fatty-ricid pitch,'-^ and William Griscom worked out a process along 
siinilar lines, producing a rubber-like substance by vulcanizing a mixture 
of fatty-acid pitch and asplialt.^ Mixtures of gnihamite and vegetable 
oils,* coal tar pitch,’’ sludge asphalt,’* and wool-fat pitcii ‘ have also 
been vulcanized with sulphur to increase their elasticity and decrease their 
susceptibility to tein|X'rature <‘hanges. 

HESIDFAL ASPHALTS 

As stated previously, th(‘se art' dt'rived from the steam distillation 
of niixt'd bast' or asphaltic }X't rolt'um.s. Non-asphultic fx'troleums arc 
iinsiiitablt' for inanufacluring residual asphalts. The distillation is con- 
liniK'd until the residual a-^phalt rt'aches the desired “grade.” The 
(('iniKTature of the rt'sidue in the still is carefully observed, and under 
no cucuin''lances allowed to exc(‘t‘d 750 to SOO"’ F., otherwise* excessive 
deconi|)o.^ition and cracking of the hydrocarlsms will take place, and 
result in the jmMiuction of an inferior product. This is es|H'cially liable 
to 1 m* the case if a residual asphalt of hard coasistency and high fusing- 
|)oint is to Ik* produc(*d. Mexican |K*troleums are very susceptible to 
ovi'rheating, and great care must be lak(*n not to allow the residue in 
the still to exceed a temiK'rature of (>50'' F. In the early days of the 
industry, the residual asiihalt.s were carek'ssly manufactured, without 
suitabh* t(*mjx'rature control, and as a result they soon fell into disre- 
pute. 

At th(* pre.'^ent time, re.sidual asphalts are Ijeing marketed of excellent 
quality, including products fusing as high as 225° F., with a hardness in the 

>U s Put/. t’.lU.OM and r,24.0Sj nf May 2. to D W P(»rk. 

* KnR Put of Ort 11, IHHI. ,\o to W O ('all.’nd.-r 

* r S Patu .')29.727. :.2ft.72K. and r,W,7M), dat<Mi Nov 27, 1804 to William Oriacom 

♦I' S Pat 210,40,'. of l)<r 1878 to A O Day 

' U S Pat* 40.3, .MS of .Ma> 21, 1889 to H K OWn and Chju Gabriel. 508,147 ot Feb 1, 
1898 to Alb<'rt Hanncmsnn. 

•U S Pat 6.';i,.3.^ of JiiDf 12, 1900 to J A. Jti*t 

*Qer Pat 22.5,911 of May 2.5, 1907 to A F. Maicbow. 
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neighborhood of 100 on the consistoineter scale (Test 9c), but this is due 
solely to the l)etter inethfKls of control. Other things being equal, it is 
not as easy to produce a residual asphalt as a blown product of a given 
high fusing-point. 

Lester Kirschbraun devised a process* for removing undesirable constitu- 
ents of a paraffin(‘- or vaseline-like character from residual asphalts (12 
to 24® Baurn^'O derived from a mixed-base petroleum, by introducing large 
quantities of low-pressure steam suiwrheated to 6(X) to 700® F., through 
a charge of the asphalt heated in a still to 450 to 700° F. It is claimed 
that these heavy paraffine- or vaseline-like hydrocarbons are non-cementi- 
tious, non-ductile, non-adhesive and greasy in character, and in addition, 
impart these undesirable characteristics to the asphaltic hydrocarbons 
when mixed with the latter. Kirschbraun’s product is supposed to have 
an unusual degree of ductility, in many cases capable of being elongated 
more than 100 times its cross-section at 77° F., also a high degree of ad- 
hesiveness and cementitiousness not found in residual asphalts distilled 
with saturated steam, or in blown asphalts prepared in the usual manner. 

Carelessly prepared residual asphalts may be detected by: 

(1) Lack of homogeneity (Test 2). This may be due cither to over- 
heating or because the distillation has been continued too far. 

(2) The surface of the material as.suming a greasy app(*arance 
on aging. This is due to the use of crudes containing too large a })ro})o.''- 
tion of paraffine- or va.seline-like hydrocarbons, which have not been 
removed during the distillation process. 

(3) The presence of too large a percentage of volatile matter (Test 
16) or too low a flash-point (Test 17), due to the distillation not having 
been carried far enough, or at a temperature sufficiently high to remove 
the low-boiling point constituents. 

(4) A large percentage of non-mineral matter insoluble in carbon 
disulphide (“ free carbon ”) (Test 216). This is due either to overheating 
or to the distillation having Ixjcn carried too far. Carefully prepared 
residual asphalts should not contain more than 5 per cent. 

(5) The presence of carl)cncs (Test 22), which are produced by 
overheating. Carefully prepared residual asphalts sliould not contain 
more than 2 per cent. 

Residual asphalts made from mixed-base petroleum are not as sus- 
ceptible to overheating as those derived from purely asphaltic petroleum. 
In both cases the percentage of asphalt rccovereil in the distillation process 
is greater than that contained in the original petroleum, due to the fact 
that the heavy lubricating oils are polymerized or condensed under the in- 


> U. S. Pat. 1,194,750, Aug. 15, 1010, to Lester Kirschbraun. 
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fluence of heat into substances reaMnbling asphalt. In a purely asphaltic 
petroleum, the quantity of re.sidual asphalt fonned durinfc the distillation 
process is proportiomilely Uss than in the case of mixed-base [X‘troleiim, 
but the residual asphalt in the fonner cast' will not show a greasy surface 
on aging, no matter how carelessly it may have been distilled. 

Ite^idual a.'<phalts in gt'iu'ral comply with the following characteristics: 
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Residfial a.sphalts are characterized by the following features: 

(1) Their comparatively high specific gravity, serving to distinguish 
them from blown asphalts. 

(2) Their greater hardness or consistency at 77® F. for a given fusing- 
point, which also distinguishes them from blown asphalts. 
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(3) The greater tensile strength at 77° F. for a given fusing-point, 
which similarly distinguishes them from blown asphalts. 

(4) The fusing-point, which is lower, and serves to distinguish them 
from the asphaltites. 

(5) The susceptibility factor, which is very much higher than blown 
asphalts. In the case of residual asphalts the susceptibility factor is 
greater than 40, whereas with blown asphalts it is less than 40. 

(6) The volatile matter, which for a given fusing-point is lower than 
that contained in the crude native asphalts. 

(7) The flash-point, which for a given fusing-point is higher than that 
of the crude nativ(‘ asphalts. 

(8) The fixed carbon, which for a given fusing-point is greater than 
that of blown asphalts. 

(9) The mineral matter, which runs well within 1 per cent and serves 
to distinguish residual asphalts from most of the native asphalts. 

(10) Carbenes, when present in percentages in excess of 5, serve to 
distinguish them from nativ(' asphalts. 

(11) Paraffine when present serves to distinguish residual a.sphalts 
from native asphalts, although this test is not infallible, for as pointed out 
previously, there are certain residual asphalts which do not contain paraffine 
(i. e., obtained from asphaltic petroleums). 

(12) The saturated hydrocarbons will exceed 25 per cent in the case 
of residual and blown asphalts, whereas they will be less than 25 per 
cent in the case of native asphalts.* With asphaltites the saturated hydro- 
carbons amount to less than 10 per cent. 

(13) A greater percentage of sulphonation residue is derived from 
residual and blown asphalts than from the various pitches. 

(14) A negative diazo reaction, which distinguishes residual asphalts 
from pitches derived from wood, peat, lignite, coal, shale and bones. 

(15) The absence of the anthraquinone reaction, which distinguishes 
residual asphalts from the various pitches derived from coal. 

(16) By the percentage of free asphaltous acids (Test 38a) which 
runs l)elow 2J per cent in residual asphalts and above 2i per cent in the 
native asphalts. Similarly, the percentage of asphaltous-acid anhydrides 
(Test 386) runs less than IJ per cent in residual asphalts and greater than 
1} per cent in native asphalts. 

There has been much discussion whether or not it is possible to distinguish 
between petroleum n.sphalts and native asphalts.* Various methods have been 

« "Chariicteristica and Differentiation of Native Bituroena and their Reaiduala,*’ by Clifford 
Riehardaon. Eng. Record, ft, 406, 1013 

* “Diatinctlon of Natural Asphalt Bitumen from Petroleum Pitch and Coal-tar Pitch," by 
J«DO Kovics and 8. Sdb^t, Chem. Ret. Fett-Hart^Ind., 7. 8. 1900; "Detection of Adultcranta 
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proposed for the purpose, but the only ones which seem to give dependable results 
(irc the percentages of «iturated hydrocarlwns (Test 34), free asphuJtous w'ids 
(lest 38a) and asphaltous-acid ivnhydndes (Test 386), referred to in items (12) 
and (IG) above. 

At the present time it is impossible to distinguish between blown 
asphalts, and combinations of asphaltites with residual oils or soft 
residual asphalts, since their respective pro|)erties are very much alike. 

Residual asphalts obtained from ('alifornia petroleum are customarily 
designated by letters to differentiate the different grades. The 8o-(‘alled 
“ A ” grade is extremely hard and brittle and grinds to a non-adherent 
powder Ixdween th(‘ teeth, ranging in jK^net ration bed ween 1 and 5 at 
77® F. (No. 2 needle, 100 grams. '> seconds.) “H” gradi* is (piite hard 
and brittle and griml> to an adherent poW4ler Ixdween the teeth, ranging 
m ixaietration between 3 and 15 at 77® 1'. “(' ’ gra<le chews with 
difficulty and ranges in ixmelration between 10 and 25 at 77® F. “D ” 
grade chews rea<hly without sticking to thi‘ teeth, and rang(‘S in jM*ne- 
tration from 25 to 75 at 77® F. “F” grade slicks to lh(‘ teidh on 
chewing and shows a jXMietration gnaiter than 75 at 77® h'. “1'”’ and 
“ (i " grades are in reality re^'idual oils of high and low viscositiows 
respectively. When carefully prepared, “ B ’’ grade docs not contain more 
than 2 per cent of non-mineral matter insoluble in carbon disulphide, 
and the softer grades correspondingly less.* 


Fig. 113 show.s (lu> h.irdiicKs, t<*nsilr slriMigtli (timlliplied by 10) aiid ductility 
curves of H typicnl sample* of "D” grade ('.alifornia residii.a! aspli.all fusing at 
121’ F. (K .and S method) 

Table XXVI includes the re'^ults obtained by the author on represent at ivi* speamens 
of residual a.sjihalts. 

in .Natural .A*|iliultiini." I>y C Mal< »kovu*. Omlrrr Chrm Zrit , 123, IWO.’i, " Diafiiirtion hctWfi'n 

Natural and I’< trolcum A«iihalf*," hy J MarrusHuti ntid I< Ki« tiinarin. ( htm /.t\t , St, IXi/l, IW)K. 
" Id* iitifyiriK Aiphaltit." by J .Marrunaori. (’him Un Fftl-lIarz-Ind , II, 47, ItUl, ” IN’troliaiiij 
Aaphsitt. ” by 1) Lohmarin. ('hrm Hrr Frtl-Ihm-luil , 18, 107, Mill, "C'lu*ninal (’<)rn|>«)Hitiori 
and Mrtboda ot DiatinguiHhiriK Natural arul Artifuinl Anphalfh," hy J Marcuanuii, (hnt Hrr. 
FeU-llari-lnd . If, KW), 1912, '■.s« f»arali()n «»f .N'alural ami lVlro|«-um Aaphalta,” by J Marruaaon, 
CK*m Zrit , SI. SOI, 1912. ItirliardHon a ".Mtxl*rn Aaphnlt ravi-rm-nf lor rjt . p 27«, "Quan- 
titativr Drtcrmination of Natural Aapliallum in tlm I'r-wnrc of Arlifirial Aaphaltum,” by J 
MarcufiHon, Z angev Chrm , If, 91, 191.3. "DfOTimn of Natural Aaphall and Prtroli-uni Pitrli," 
by F .Srhwari, Cktm Rrt Frtt-Ilarx-Jnd , 10. 2K, 1913. "AiutlyiuN of IVtrolrum Oil and Mineral 
Wa*." by H Kantor«)wiri, (’hrm Znt , IT, 1,394, 143S, l.W>. and l.’i94, 1913; *’ DifTerenliation 
of Natural and Artificial Aaphalta.” by J .Marcuaaon. MUt k. Mairrioipra/ St, 419, 1914, 
‘‘Differentiation of Natural and Oil Aspbalta," by K C Paillrr, J trtd Eng Chrm. I, 2Hfl, 1914, 
"Cheniiitry and Analyaia of Aaphaltum," by J Marrunaon, Chrm Zrtl., SI. 81.3 and 822, 1014; 
"Chemical Composition of Natural Aaphalts,” by J Marciisaon, Z angew Chem , ft, 346 and 
349, 1916 

'"The California Aaphaltum Industry," by F. II Minard, Eng Mining J , .'>(13. 190.3, "Pro- 
duction and Uw of Petroleum in California," Kullctin No 32, C’alifornia State Mining Bureau, 
San Franciflco, Cal , Mar , 1904 
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TABLE XXVI.— CHARACTERISTICS OF 


No, 

Test. 




From Mixkp-base Petro 



Mid-continental (Texas). 



2a 

Phytxcal Charactmatics 
Homogeneity to eyo at 77® F . 

Homo. 

Homo. 

Homo. 

Homo. 

Homo. 

Homo. 

Non-ho. 

2b 

Homogeneity under microscope. 

Homo. 

Homo. 

Homo. 

Homo 

Homo, 

Critty 

Lumpy 

3 

Appearance surface aged 7 days 

Dull 

Dull 

Dull 

Dull 

Dull 

Dull 

Dull 

4 

Fracture 


Covch 

Conch 

Conch 

Conch. 

Conch 

Conch. 

6 

Lustre 


Bright 

Bright 

Bright 

Bright 

SI. Dull 

SI. Dull 

6 

Streak 

Bn Bk 

Black 

Black 

Black 

Black 

Black 

Black 

7 

Specific gravity at 77® F 

1 032 

1 050 

1 078 

1 (H)5 

1 119 

1 138 

1 145 

9e 

Consistency at 116® F 

1 6 

5 1 

9 0 

11 0 

27 1 

40 2 

47 9 


Consistency at 77® F 

7 2 

15 2 

23 5 

42 2 

58 5 

70 1 

88 8 


Consistency at 32® F 

46 2 

00 9 

81 4 

92 8 

107 0 

>100 

>100 

M 

Susceptibility factor 

44 8 

51 7 

.50 5 

49 5 

48 0 

>45 

>45 

106 

Ductility in cm. at 116® F 

14 5 

37 

04 5 

22 

12 

0 

0 


Ductility in cm. at 77® F 

55 

19 

10 

2 5 

0 

0 

0 


Ductility in cm. at 32® F. . . . 

0 

0 

0 

0 

0 

0 

0 

11 

Tensile strength in kg. at 115® F 

0 05 

0 10 

0 35 

1.10 

2 00 

4 .50 

5 .50 


Tensile strength in kg. at 77® F 

1 0 

2 7 

4 2 

7 0 

0 0 

1 .5 

4 0 


Tensile strength in kg. at 32® F 

0 0 

15 0 

9 5 

8 5 

7 0 


5 0 

16a 

Htai 7V«<s 

Fusing'point, deg F , by K. ami 
8. method 

1)7 5 

119 5 

142 

1.58 

107 

194 

205 

166 

Fusing-point, deg. F., by B. and 
R. method 

115 1 

131 5 

159 

170 

184 

213 

227 

10 

Volatile, 500® F., in 4 hrs , 
per cent 

0 92 

0 78 

0 .50 

0 78 

1 00 

0 89 

0 71 

17a 

Flush-point, d<*g F 

508 

525 

532 

.545 

.575 

.590 

.595 

10 

Fixed carbon, per cent . . . 

8 1 

13 8 

18 5 

22 7 

23 1 

27 2 

33 3 


Holnfntity Trata 

_______ 







21a 

.Soluble in carbon disulphide 

99 5f. 

99 25 

99 03 

98 00 

90 45 

91 07 

91 02 

216 

Nun mineral-matter in.soluble . 

0 22 

0 .50 

0 70 

1 08 

3 12 

.5 3! 

8 20 

21r 

Mineral matter 

0 22 

0 25 

0 27 

0 32 

0 43 

0 02 

0 78 

22 

Carbones 

0 8 

I 8 

3 0 

3 7 

5 0 ; 

fl 1 

12 3 

23 

Noluble in 88® naphtha 

80 1 

82 5 

80 3 

77 0 

72.3 

04 7 

01 0 

28 

Chtmienl Tt;sta 

Sulphur. ... 

1.2 

0 95 



1 3 


0 0 

33 

Paraffine. . 

1 4 

1.3 

1 25 

1 0 

0.8 

0 7 

0 5 

34 

Saturated hydrocarbons. . . . 

42 0 


60 7 




70 1 

36 

Sulphonation n'sidue . 



95 0 






Residual asphalts obtained from the Texan mixed-base petroleum are 
characterized by the presence of paraffine, less than Ij per cent of sulphur 
and between 40 and 70 per cent of saturated hydrocarbons; those obtained 
from California asphaltic petroleum are practically free from paraffine, 
contain less than Ij per cent of sulphur, and between 25 and 40 per cent 
of saturated hydrocarbons; those derived from Mexican mixed-base 
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TYPICAL RESIDUAL ASPHALTS 


LKI’M. 


I 


M(‘xiran. 


FhOM A<*l'M4I.Tir P^TROlKl'M 


('nlifcirinn 


TrinidMl 


UcittlO 

liuiiio 

Hu mu 

Homo 

Homo 

Homo 

Homo 

! 

Homo 

Homo. 

Non-ho 

Homo 

Homo 

Oritly 

Hutnu 

Griuy 

Hullio 

Homo 

Homo 

Homo 

' Homo 

ClriUy 

Lumpy 

Homo 

Homo. 

HriKlit 

Brigtit 

HriKht 

HriKlO 

HriKht 

ItriKht 

Hrighi 

! Mtiitht 

llriKhl 

Hnttiit 

Hritthl 

HriRhi 

Com-h 

Conrh 

Conrh 



('oiirh 

(\)nrh 

(Viiirh 

( 'onrji 

Conrh 


Conrh 

MriKiit 

Hriitht 

llriKht 



HriRlo 

Hn«ht 

Hright 

ItriKhl 

HriRhl 


Prighi 

Rlftr-k 

nitick 

niurk 

Ilii 

Hn Hk 

HUrk 

Hlmk 

Hlark 

lilitrk 

llliirk 

lliiirk 

IllHrk 

1 Ol.’) 

1 021 

1 o:io 

1 0.11 

1 04.5 

1 (Hm 

I 09.5 

1 113 

1 127 

I 1.5s 

1 (H)5 

1 120 

:i 1 

4 .5 

0 .5 

2 7 

.5 4 

0 h 

1.5 9 

2H N 

.5K 0 

15 1 

S S 

27 2 

17 2 

21 .5 

22 9 

7 0 

IS 2 

21 5 

29 0 

0.1 0 

S9 2 

9N 0 

24 0 

70 2 

rto 4 

i,S 0 

7.5 0 

15 H 

55 4 

04 0 

7h .5 

> 100 

> J5H1 

> 100 

r,H 7 

>1(K) 

47 ;« 

17 .S 

19 5 

I.S 0 

17 2 

i<> n 

44 0 

> 42 

> 40 

> 45 

43 3 

> 4 .5 

45 

12 5 

1 1 5 

51 

to 

57 

12 .5 

S 0 

0 

0 

70 

3 5 

s 

.1 5 

.‘5 

75 

9S 5 

9 

1 

0 

0 

0 

22 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 } 

0 s 

0 75 

0 1,5 

0 25 

0 00 

1 0.5 

.1 9.5 

.1 in 

4 25 

0 4 

4 R5 

2 S 

4 0 

.5 0 

0 .55 

1 1 

.1 5 

0 2 

.5 0 

4 0 

4 2 

2 R 

5 5 

S *> 

II 0 

10 5 

7 .5 

S 5 

10 0 

1 

12 0 

H 0 

5 2 

.1 7 

R 7 

10 2 

121 

1 

1 n 

14:5 

IK) j 

1..S 1 

1 

1 

1 

124 

! 

i 

110 ^ 

lOK 5 

25 H) 

2IS 

115 

U7 

1 

141 .5 , 

i 

151 1 

102 

105 i 

129 1 

I 

10.1 

iss 

220 

229 .5 j 

1.12 

210 

0 7H 

0 'lO' 

0 47 

5 20| 

1 

.1 40 

1 

1 OS 

2 

.1 90 

.1 72 

2 12 

3 OR 

1 7.' 

.520 I 

555 i 

.547 

1.50 i 

192 1 

.500 

52.5 I 

5 55 

,54.5 

.^0.1 

,52R 

501 

2H 0 j 

.50 0 

,12 1 

12 0 , 

20 1 ! 

21 S 

.50 2 I 

.51 0 

.17 0 

19 7 

29 1 

.18 4 

97 .50 , 

US 22 

97 95 

99 SO 1 

I 

99 2.5 . 

^ 1 
9H 9:5 

9S 07 j 

9S )V1 

9S 12 

SO 20 

99 35 

98 39 

2 1,5 i 

1 .51 

1 SO 

0 05 

0 .V) 

1 07 

0 90 j 

1 lo : 

1 00 

11 4S 

0 4R 

1 28 

0 .15 

0 45 1 

0 25 

0 15 ■ 

0 25 : 

5) 50 

0 4 5 I 

0 20 1 

0 2S 

0 .12 

0 17 

0 33 

0 fi 

1 .S2 1 

2 2 

0 .5 ! 

1 0 

1 5 1 

2 5 j 

12 

5 0 

2N 2 

0 3 

0 8 

70 H 

0.S 9 

5>2 0 

S2 .5 i 

77 0 , 

71 2 , 

01 1 j 

.52 .1^ j 

15 2 

15 7 

78 0 

60 0 

A4 

4 2 

.5 K 

0 9 1 


1 2 ! 

1 4 


0 M 


2 R 

2 2 

2 n ' 

1 7 

1 4 

0 2 1 

0 1 ; 

Tr 1 

Tr 

0.0 

0 0 

0 0 

0 0 

0 0 

;i8 5 1 

42 9 1 

.10 .1 

22 2 j 

j 

1 

:50 6 


35 H 

37 0 

24 0 

28 3 

07 .5 

1 


92 .5 1 

i 




9H 0 



90 4 


petroleum eoiifnin paraffine, between 4 and 8 per cent of sulphur and 
lx?tween 30 and 50 per cent of saturated hydrocarbons. In distillinfi; 
Mexican petroleum, it is necessary to use a large supply of steam to drive 
off as much sulphur as possible, and increase the ductility of the residual 
asphalt, as the sulphur adheres unusually tenaciously to the hydro- 
carbons, including even the distillates. Residual asphalts obtained /rpm 
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Trinidad asphaltic petroleums are practically free from paraffine, con- 
tain more than IJ per cent of sulphur, and 25 to 35 per cent of saturated 
hydrocarbons. ^ 

The weather-resisting property of residual asphalts varies, depending 
upon the following circumstances: 

(1) The crude petroleum from which they were derived. Other things 
being equal, asphaltic petroleum produces the most weather-resisting 
residues, mixed-base petroleum comes next, and non-asphaltic petroleum 
produces residuals having the least weather resistance. 
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Temperoture, Degrees Fahrenheit 

Fio. 113.— Chart of Physical Characteristics of D-Grade California Asphalt. 


(2) The care with which the distillation has been performed. If the 
residue is badly decomposed or “ cracked as evidenced by the presence 
of free carbon or carbenes, its weather-resisting properties will suffer in 
proportion. 

(3) The extent to which the distillation has been carried. Soft grades 
of residual asphalt carrying a large percentage of oily constituents (Test 
38e), will stand the weather better than those from which the oily con- 
stituents have been removed by driving the distillation to a point where 
a hard and brittle residual asphalt remains. 

In general, residual asphalts of the highest quality axe inferior in 
weather-resisting properties to native asphalts, blown asphalts, wurtzilite 
asphalts and fatty-acid pitches, upon comparing respective products of 
the same fusing-point and volatility. They are superior, however, to 
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corresponding]; sludge asphalts and pitches derived from rosin, wood» 
peat, lignite, coal and bones. 

SLUDGE ASPHALTS 


Sludge asphalts are produced in much smaller quantities than 
residual or blown asphalts. They are derived from the purification 
of various |K»troleum distillates by means of sulphuric acid (p. 278). 
The crude naphtha, kerosene and lubricating oils are treated in this 
manner in the form of apparatus known as an “ agitator,” illustrated 
diagrammatieally in Fig. 114, consisting of a cylindrical veswel A with a 
conical bottom and dome-.sha|)ed top 7^, 
holding up to 2400 barrels of the distil- 
late to Ik? treated. The agitator is lineil 
with lead containing al)out 6 ix'r cent of 
antimony. The distillate is introduced 
through the piixj 1), the acid or caustic 
.soda through the pi|)e //, and the air for 
agitadng the mixture through the line A’. 

Pipe (' is attached to a swivel so that it 
may Iw rai.sed or lowered by a chain ./, 
and .serves to draw off the purified oil. 

The sludge* is removed through the valve 
F, and G repre.‘<(*nts the acid tank. 

Naphtha is purified with 2 to 4 lb. of 
commercial sulphuric acid (GO® Baum6) 
per barrel of 50 gal. (alx)ut 0.5 per cent 
by volume), and agitated for half an 
hour. The acid after Ixjing allowed to .settle is drawn off and constituU's 
the “sludge.” The distillate is next washed with water, introduced 
through the pipe F, then made alkaline with caustic soda solution (4 b) 
10® Baume) and finally washed with water until it is neutral. 

Crude kerosene is treated in a similar maner. It is first agitated 
with 5 to 10 lb. of sulphuric acid (66® Baum^) per barrel of 50 gal. (equiva- 
lent to about 1.5 per cent by volume) for one-half hour. The acid settles 
in three to five hours, when the “ sludge ” is drawn off. The kerosene is 
next washed with water, then with a 4 to 10® Baum^ solution of caustic 
soda and finally with water until it is neutral. 

Crude lubricating oil is similarly agitated with 20 to 50 lb. of sulphuric 
jMjid (66® Baum4) per barrel of 60 (equivalent to about 3 per cent 
by volume) for one to two hours, and allowed to settle from four to six 



Kkj. 111. — .\ppunitu« for the Acid* 
Piinhcution (»f Petndeurn DIm- 
tilliitcH, 
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hours. The greater the percentage of acid used, the lighter will be the 
color of the refined lubricating oil. The stock is then washed with water, 
transferred to a “ lye agitator/' treated with caustic soda (1 to 6® Baum6) 
until it becomes alkaline, and finally washed with hot water until neutral. 

The so-called sludge asphalt " is present in the sulphuric acid sludge, 
which on cooling forms a black viscous mass. No asphalts are obtained 
from the caustic soda washings in the case of petroleum refining. The 
alkali is merely used to neutralize the sulphuric acid retained mechanically 
by the oil, thus differing from its action in the refining of peat and lignite 
tars. (See p. 214.) 

The acid sludges obtained from the purification of naphtha, kerosene 
and lubricating oil are combined and treated according to the process of 
John L. Gray.‘ The sludge is digested with water, air and steam in a lead- 
lined receptacle, whereupon the lighter oily constituents rise to the surface, 
a heavy residuum settles to the lx)ttom, and the acid passes into the 
aqueous layer. The lighter oils are withdrawn and the boiling continued 
until all the acid separates. The residuum is then washed with water, 
and heated by a spray of superheated steam until it is converted into 
sludge asphalt. The further the distillation is continued, the greater the 
fusing-point and hardness of the sludge asphalt. The recovered oil is 
known as the acid oil distillate." The dilute sulphuric acid (specific 
gravity of 30 to 60® Baum<^) is concentrated, first in leaden pans, and 
finally in an iron still until it attains a gravity of 66® Baum^*, when it is used 
over again. 

Sludge asphalt tests as follows: 


(Teat 1) Color in manfl • • Black 

(Teat 2a) Homogeneity to the eye at room temperature . Uniform 
(Teat 26) Homogeneity under mieroacope Variable 

(Teat 3) Appearance surface aged indoors one week , . Bright 

(Test 4) Fracture Conrhoidal 

(Test 6) Lustre 

(Teat 6) Streak on porcelain Black 

(Test 7) Spccifin gravity at 77* F 1 05- 1 20 

(Test 96) Penetration at 77“ F ISO- 0 

(Test 9c) Conaiatency at 77“ F 5-100 

(Teat 9rf) Susceptibility factor 40- 60 

(Teat 10) Ductility at 77“ F 0 

(Teat 13) Odvr on heating Oily; similar to resid- 

ual asphalt 

(T 4 tl 14o) Behavior on melting Passes rapidly from 

the solid to the liq- 
uid state 

(Teal 16a) Fuaing-point (K. 4 8. method) 80-226“ F. 

(Teat 166) Fuaing-point (B. A R. method) 100-250" F. 

(Teat 16o) Volatile matter 600" F. in 4 hours 2- 20% 


>U. 8. Pats. 923,427, 923,428, and 923,429, dated Jun. 1, 1909 to J. L. Gray; also 664,975 o( 
A*i9. 4, 1809, to Rlehafd Dean, 
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(Te*t 17o) 

Flanh-poinl 

300 500* F. 

(Te»t 19) 

Filed carbon 

. 5- 30*’^ 

(Te«t 21a) 

.S<i|ii))ility in carbon disulphide 

95 100% 

(Teel 216) 

Non>mineral inalter insoluble 

0- .5% 

(T('8t 2lr) 

.Mineral matter ' 

0 1% 

(Test 22) 

Carbones 

0 -15% 

(Tent 2.1) 

Solubility in 88^ naphtha 

. OO 95% 

(Test 28) 

Sulphur 

5 10%, 

(Teal 30) 

Oxygen 

1- 7% 

(Teal 31) 

Paraffine 

0 i% 

(Tiyit 14) 

Salurati'd hydnx'nrbons 

less (hail 10'^ 

(Test 35) 

Siilphoniilioti residue 

80 95*;, 

(Teat 17) 

.Sa|Miiiifitible consdtuentc 

0 2%, 

(Teat 18(1) 

Fm' nsplifilious acids 

Less than 2% 

(Teal 186) 

Asphalt(iiM-acid iiiih.vdrides 

I/css than 2|9 

(Test 4 1 ) 

Diain rcaclKiri 

S'o 

(Teal 42) 

Aiilbr)i<|iu;ione r' ’n lion 

.S'o 


Sludgo asphalts aro (■hara<’t<M'iz(Hl by the followiiiK foatiires: 

(1) Thoir int(Mis(* [>lack stroak. 

(2) 'rhoir liigh susceptibility facU)r which distinRuishos them from 
blown asphalts. 

(3) The high iXTCcntuge of sulphur. 

(4) 'riie high p('rcentag(‘ of o.xygen, which distinguishes them from all 
other forms of asphalt and con.stituU's one of the most dejx'ndablc testa 
for identifying sludge asphalts. 

(5) 'riu* very small jKMcentage of paraffine which distinguishes theni 
from residual asphalts obtainc<l from mix(Hl-base pcdroleum. 

{()) 'riie extremely small i>(‘rc(*nfage of siituratcsl hydnxairlxujs which 
serves to ditTerentiate sludge asphalts from all other asphaltic pnaluets. 

(7) 'I’he comparatively large f)en*entage of .sulphonation residue which 
distinguishes them from pitclies. 

(8j The negative diaz(» and anthracpiinone reactions which distinguish 
them from pitches deriv’cd from w(mmI, [X'at, lignite, coal, shales and Ixmes. 

(!)j The large solubility of the harder gnules in 88® naphtha, which 
distinguishes them from residual asphalts of the same hardness and fusing- 
p(xnt. 

Attempts have l)een made to blow sludge asphalts, but without suc- 
ee.ss, as the blowing process merely .serves to harden them, without appre- 
ciably low'cring their susceptibility factor. 

Typical samples of sludge asphalt examined by the author gave the 
results included in Table XXVII, p. 3(M>. 

iSludge asphalts do not withstand the action of the weather as well as 
native a‘<phalt8, blown asphalt.s, residual asphalts, wurtzilite asphalt or 

' .'^ludfte stphaUt ail carry trarcs (if lead, derivey] from the ifa/ien veMeli in wbirh they are produced, 
whi( h 18 rarned into eoiution by the aulphurir add. Th« prermr^ of lead will «frva to identify iludge 
oaphalta, and differentiate them from all other aaphaltic fubtUorc* The autbor'a invtHitigatioM 
re\ealed lead varying in amountg from 0.05 to 0,25 ptr cent 
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fatty-aeid pitch, comparing respective products of the same fusing-point 
and volatility, or of the same hardness and volatility. They are substan- 
tially equal in weather-resistance to the corresponding grades of pitch 
derived froin coal and bones, and are superior to those derived from 
rosin, wood, peat and lignite. In practice, they are usually Hu.xed with 
other forms of petroleum asphalt, rather than marketed in tiieir pure 
state. 


TABU-: \XVIl -rUARArTKHISTICS OF TYPICAL SLI DGF ASPHALTS 


No 

'Pont 

l■‘^o 

II X'nrioiH Soiirci 

s. Mostly Mixture-! 


l*by nival VharartvnntivR 1 







2a 

HotnoK(‘ii<‘ity to <>yf at 77“ F 

Homo 

Homo 

Homo 

Homo 

Homo 

Homo 

2b 

llomoKonoity utuior iincroHcoiM* 

Homo 

Homo 

Homo 

Homo 

Homo 

Homo 

.3 

Appcurarifo Miirfac** agod 7 <lHy>< 

Bright 

Bright 

Bright 

Bright 

Bright 

Bright 

4 

Fracturt* 



Com h 

Conch 

Conch 

Conch. 

f* 

I.UH»ro 



Bright 

Bright 

Bright 

Bright 

« 

Streak. 

Black 

Black 

Black 

Black 

Black 

Black 

7 

Specific gravity at 77® F 

1 057 

1 052 

1 (jt;s 

1 000 

1 070 

1 155 

Uc 

('oriMiHtcncy at 115° F 

0 0 

0 0 

0 0 

0 0 

43 1 

50 7 


ConHisteiicy at 77® F 

a 4 

7 1 

17 5 

10 0 

K7 0 

05 2 


Conaiatcncy at 32® F 

42 2 

5S S 

71 S 

h5 4 

> BH) 

>100 

0(/ 

Su»rcptil)tlity factor 

40 7 

.50 5 

()1 S 

5$ 1 

> .50 

> ,50 

IU6 

Ductility in ciim at Il.'»° F 

7 

15 

45 

.a 5 

0 

0 


Ductility in cni« at 77® F 

as 

S2 

IS 

0 75 

0 

0 


Ductility in cniw at 32° F 

1 5 

0 

0 

0 , 

0 

0 

11 

Tensile strength in kg at 11.5® F 

0 0 

0 1 

0 35 

1 .1 

a 0 

a 5 


Tensile stn-ngtli in kg at 77° F 

0 1 

1 1 

.a S5 

5 1 

7 5 

S 2 


Tensile strength in kg at .‘ta® F 

10 5 

4 5 

a 0 

S 0 

t) 0 

5 5 


Heat Tvntn 







1 .'a 

Fusing-point, deg F hv K A- S method 

.S5 

00 

no 

lliO 

2 oa 

210 


Fusuig-poiiit, deg F by H A H imuhod 

101 

iia 

lai 

17S 

225 

230 

in 

Volatile, .500* F in 4 hrs , per cent 

a 0 

2 2 

7 <» 

2 .5 

4 S 

5 0 

17a 

Flash-point, <b'g F 

175 

.500 

i.to 

ISO 

4S2 

4Sf) 

in 

Fill'd carbon, per cent 

8 H 

12 a 

to 1 

22 0 

ao 2 

25 4 


Solubility Tintn 







21a 

Soluble in carbon ilisiilphide 

Its OS 

<)0 72 

00 51 

00 2a 

00 50 

07 50 

216 

Non-mineral matter insoluble 

0 00 

0 20 

0 .ts 

0 72 

0 40 

2 43 

2Ir 

Mineral matter 

0 12 

0 OS 

0 11 

0 05 

0 10 

0 07 

22 

(’8rbeni*s 

0 0 

0 2 

2 a 

1 0 

1 2 

13 2 

2:i 

Soluble HI 8S° naphtha 

oa 2 

04 0 

7s 7 

71 t'l 

til'i S 

(12 2 


L'hrvncal Teat» 







?s 

Sulphur 

S 7 

7 K 

5 4 

7 5 

li 2 

S .3 

aa 

Paraffine 

0 5 

0 4 

0 2 

0 25 

0 1 

0 1 

34 

Saturated hydrocarbons 

' 0 0 

S 0 

7 2 

5 5 

4 S 

1 a 9 

a:> 

Sulphoiiation residue 

1 S2 1 

.ss 0 




03 2 
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PARAFFINE WAX AND WAX TAILINGS 

PAIUmXK WAX 

Tmk ooinniorcial sourcos of pyro^t'nous paraffino wax are: 

(Ij IVattar; 

(2) Lij^nitc tur; 

(2) Shale tar; 

(t) I’araffine-lK'ariiip: fx'troleuins. 

'I'he [)(‘at distilling industry is eomparatively ^inirnportant and does 
not form a factor in the production of parathne. The lign t(‘ industry 
has only attained commercial imfxirtance in (lennany, and the shale 
industry in Scotland. The treatment of parairme-lH'aring iK‘trol(‘ums 
for the recovery of paraffine is un|X)rtant the world around. '1 he metluHls 
for recovering parathne wax from lignite tar, .shale tar and [xUroleum are 
suhstaniially the .same. In the ca.se of ligniti* tar, the parallini' wax is 
ohtainetl from the distillate fractioned after the crude oil, known as the 
“ paraffinaccous ma.ss " (p. 211). With .shale tar the paralline wax is 
obtained from the distillate known as “ heavy oil,” di.stilling after the 
“ intermediate or gas-oil ” (p. 222). With paraffine-l scaring jK’troleums, 
the fiaradiiK' >\ax is obtained from the fraction known as the ” paralline 
distillate.” 

In all three case's the following stej)s are generally pursuc'd: 

Tlie distillate' containing the paraffine is first chillc'd t/O 20 U) 25® F. 
by forcing it through a series of jack(*ted (i in, pi|K',s. Brine c(K)led to 15 
to 20® F. is circulated through the ja<'ket, and the distillate containing the 
paraffine is forcc'd through the inner |)iix‘ by a .slowly revolving spiral con- 
veyor, which continually keeps the di.stillate moving as it solidifies, thus 
tending to granulate it and thus make it easier to filter. 

The cooled and solidified distillate having the consistency of heavy 
mush is transferred to high-pre.s.surc filter presses provid<xi with canvas- 
covered plates, and while still c(K)1 filtered at a presifurc of 300 to 350 lb., 
causing the pres.sed oil to separate from the “ slack wax.” 

The slack wax still contains Ixjtwoen 30 and 50 p('r cent of oily matters 
which are separated by a process known as ” sweating.” A ” sweater ” 
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(Fig. 115) carries 8 to 10 superimposed shallow pans (18 by 20 by 1 ft.), 

each provided with a wire gauze 
diaphragm A stretched across longitu- 
dinally 6 in. below the top, also: 

(1) An inlet for introducing the 
melted slack wax. 

(2) An inlet pipe for water. 

(3) An outlet pipe C connected 
with the bottom of each pan at its 
centre. 

(4) A water-circulating coil B 
directly above the diaphragm through 
which cold water is first circulated to 
chill the wax, followed by warm water 
to induce the “ sweating.'' 

(5) A steam coil directly below the 
diaphragm to melt down the wax after the sweating process is completc'd. 

The operations are performed in the following rotation; 

(1) The pans are first filled with cold water to | in. above the le\'(‘I 
of the screens. 

(2) The melted “ slack wax ” is pumped into the pans to a depth of 
4 in. and allowed to float on the water. 

(3) Cold water is then caused to flow through the water-circulating 
system, which causes the slack wax to set into a solid mass. 

(4) The wat(‘r is then drawn off, whereupon the cake of solid wax 
settles upon the wire diaphragm. 

(5) Wann water is then caused to flow through the water-circuhiting 
coils at a temperature just Ixjlow the melting-point of the wax, which 
causes the oily matters to liquefy and “sweat out " from the crystals of 
paraffine, with the result that the purified paraffine now known as “ crude 
wax ” remains on the wire gauze. The oily matter carrying a small pro- 
portion of wax in .solution, known as “ foots oil ’' is drawn from the pans. 
The purified paraffine wax is melted by turning steam into the melting- 
down coils and drawn from the pans into a separate container. It takes 
about twenty-four hours to properly sweat a batch of slack wax. 

The foots oil is put through the chilling process a second time to 
recover any dissolved wax, which when separated is known as “ crude 
scale wax ” (see chart page 278). 

The crude wax and the crude scale wax are decolorized by filtering 
through fuller’s earth in vertical cylindrical tanks heated to 180® F. The 
melted wax is allowed to run through the filters by gravity from an over^ 
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head storage tank where it is maintained in a melted condition. The 
filters are from 15 to 20 tons’ capacity, the fuller’s earth being supported 
on a finely perforated false bottom. One ton of the earth will decolorise 
5 to 6 tons of the wax. 

When the fuller’s earth loses its efficiency, which is evidenced by the 
filtrate no longer remaining clear in color, the flow of wax is sluit off, the 
filter l:)ed thoroughly drained and washed with naphtha to remove any 
wax retained mechanically. Any naphtlia remaining in the filtering 
medium is recovered by intrcnlucing steam and i)a.s.sing the vapors through 
a condenser. The wax removed by the naphtha is recovered by distilla- 
tion, and added to the unfiltered material. 

The fuller’s earth may lx* rejuvenat(‘d by heating in a suitable kiln, 
after which it can lx* used over again without los.s in efficiency. 

The filtered products obtaitunl from the cnule wax and crude scale 
wax are known as “ refined paraffine wax ” and “ refint*d scale wax " 
resp(*ctively. These are pump(Hi into moulds and allowed to solidify. 
The wax mu.st lx; cIuIUhI very (piickly to form the opa<|ue white mass 
demanded by the trade, otherwi.se it will appear translucent, which is 
uude.sirablc.’ 

Paraffine wax, including Ixith the “ refined paraffine wax ” and the 
** refined scat; wax ” tests as follows: 


(T.«t I) ( olor in iniuw Pun* whit® to yollowiab 

2a) liomoKt'iH ily to tb® ®y® at room trinpt'ratur® I'luform lo aluthtly rry«> 

UDino 

2r) llonio(t«’n<*ity «h®n ni<*lt®d Uniform and iraniipiUTDt 

(Tt'st 4) Frio'liir*’ Concholdiil lo harkly 

(Tc'^t .')) Lunif Hull and "waxy” 

(Test 0) StPiik Whifp 

(Test 7) SpiTifir Kravity ut 77" F 0 H.l- 0 95 

(Ti‘»t 9f) Conjti.ilpnrv at 77" F . 15 SO 

(Tf«t 9d) .SiiBCPplibility fiM'lor . >100 

(Test 10) Durlilily at 77° F 0 

(Tout Ma) Hrha\ior on nifiting Pa»w« almoat inatanto* 

ncoualy from th® oolid 
to Ih® liquid aUto 

(Tout 150) Fusing-point* (HAS mothod) 100 150" F. 

(Test l.V)) Fufling-point (B & R. nu-thwl) 105^-160" F. 

(Test 10) Volatile matUT Coniparatively grMlt 


•"Mineral Waxes,” Rudolf Cregorious, I^ondoo, 1908; "Shale 0»U and Tars," by Dt. W, 
Scheitbauer, London, 1913; "Industrial Cbeimstry,” by Allan Rogers, 2d edition, p. 812, Nrw 
York, 1915; "The American Petroleum Industry," by Bacon and Ilamor, Vol. 2, pp. 489 and 
753, New York, 1916. 

•The fusing-point of paraffine wax is generally determined by the so-called "Englisb method/' 
which consists in cooling the melted wsx, with a thermometer immersed in the mass. The drop 
in temperature and time inter^'als are carefully noted. When the temperature remains oonstan4 
for an appreciable interval, the wax is said tx) have reached its fusing or " roelting-point. " Accord* 
ing to the "American method," the meliing-poiat is reached when crystals of paraffine Srsl 
appear on the surface of the coding wax. but is often arbitrarily calculated by adding 3* F. to 
the mdtiof-point ascertained by the English method. 
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17a) Flaah-point 

Comparath-ely low 

(Test 18) Burning-point - 

, . , . Comparatively low 

(Test 19) 

Fixed carbon . . . 

. . 0-2% 

(Test 2Ia) Solubility w carbon disulphide 

. . . 99-100% 

(Test 21d) 

Non-/ni/iera/ matter insoluble 

. . Trace 

(Test 2te) 

Mineral matter . . 

Trace 

(Test 22) 

Carberies. . . 

07c 

(Teat 2.3) 

Solubility in 88° naphtha 

99-100% 

(Teat 24) 

Solubility in other solvents (weight solvent 

re- 


qiiireii to dissolve 1 gram of paraffine 
room temperature); 

at 


Carlion disulphide 

7 fi 


Petroleum ether 

8 b 


Turpentine 

16 1 


Chloroform. 

41 3 


Benzol 

r>o,3 


Ether 

bO s 


Acetone. 

378 7 


Absolute ethyl alcohol 

4 .'13 6 


AnivI alcohol 

49r) 3 


Methyl alcohol 

1417 f) 


niaeial acetic acid 

1668 6 

(Teat 26) 

Carbon 

84- 86% 

(Teat 27) 

Hydrogen 

13- 15% 

(Teat 28) 

Suliiliiir 

Tran* 

(Teat 29) 

Nitrogen. 

Absent 

(Teat 30) 

Oxygen 

Trace 

(Teat 33) 

Paraffine 

9.') lOO'^' 

(Test 34) 

Huturateil hydrocarbons 

f)0 W% 

(T<‘Ht S.*)) 

Sul()honntion residue 

nr, iiK)';, 

(Test 37) 

Hafioiiifiable const itiienlH 

O', 

(Test 41) 

l)iaz<i reaction 

\o 

(Tent 42) 

Aiitbraquitione react loti 

No 


Paraffine wax Is remarkably resistaiit to the aetion of chemicals, hnt 
on exposure to the weather the oily constituents soon cvaj)orate, leaving 
a pulverulent and but slightly coherent mass behind. This is not due to 
oxidation, but merely to volatilization of (he oils [)resent in th(‘ wax. 

Paraffine wax withstands the continuous adion of water very well and 
finds a ready market for preparing!; waterproof papers, for manufacturing 
candles, for household pur|K)ses, ('tc. 

W.AX T.MLINOS 

This product is obtained during (lie dry distillation of non-asphaltic 
or mixed-base [letroleum. The re.siduum left in the retort at the end 
of the first distillation is subjected to a second process of dry distil- 
lation, whereupon the wax tailings <listils over just prior to the forma- 
tion of coke. (See p. 282.) Wax tailings is sometimes termed “ still 
wax,” although lx)th these names are misnomers, since it contains 
only small quantities of paraffine wax. It consists largely of decomposi- 
tion products, including chrysene, picene and anthracene, and has a decided 
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yellow color, hy which it i« recognized during the prcK’ess of distillation. 
Upon cooling it forms a very viscous semi-li(iuid to sticky semi-solid of a 
characteristic light yellow to yellowisli brown color. It complies with the 
following tests: 


1) (’olor in miWH 

(■fi'tit lid) ]lnnioK<nii-it> to th«‘ t'>o Ht room tomix’rAturo 
(Teat 2b) lloinoi{»-ti«‘i( v umifr nm'ro«cop<* 


3) Appi’aranc** aiirfiir<* iiuloora 
5) I.uatr** 

(Ti-at 6) Sinvik on porcfUm 
(Test 7) Sj>**rifi( at 77" ^ 

(Toat Or) CoiiHiitofirv fit 77'* F 
(T< it 0<i) SiHcoptildlit V Ijk tor 
(Tcit 10) Durtilifv at 77‘‘ F 
(Teat Ft) OfJ(,r on hoatinc 
(T(*<t Hd) Mchavior on iinltinK 


( r<''*t l.'xi) Fiiaifijt-iwiirit (K A S tn<>l)ioih 

(T(‘at KWi) Voliiil - mntt'T at V)0’ F, 4 hri 
(T*'at 17d) Flasfi-ftoinl 

(TcNt 10 ) Fut'fJ rnrOori 
(Ti'xf JFi) S'ilnliilit\ III riirlHdi iliMiilpliiil'' 
(T^'^t JI^) r il ini»lt<r i.i'iiiliilili* 

(T<’'*t ;Jlr) Mitural inatl<T 

(T.‘hI 22 ) ('’irlx'fir'M 

(T<"«t 2Jl Siiliilnlil V in nnphth'i 

(Test 2>) Sulphur 

(T»'.tt '10) 

(Ti'it .12) Nai>fithah-nc 
(Tf'-t .'H) rnratrint' 

O) SaturafMl hvilrixuirhono 
('rf*(t .Fi) Siiljihonfilion r '<i<lii** 

('F-'-t .’17) Safionifinhh* < onxiii ui*nl(* 

(Tint II) I)i!4*o rfiirlion 

(Ti'it 12) Anthrnqiiinorio ri*«rtioii. 


Yellow to yr'llovkiiili hrown 
tliiiforin to very Hliithtly 
Krnnular 

I'niforin to uritty (due to 
the 4'r> Mailing coniUl- 
ueniB |trew>nt) 

Vftiiabli* 

Waxy 

Pah* yellow 
1 00 1 10 
5 20 

20 10 

Piiuully ipnte high 
Oily 

PaswB verv rapidly from 
the iMilid to the liquid 
atate 

fU) UM)» F 
f) -10 

3 (X) 4 .W'’ !• 

2 S' , 

OH HX)', 

0 2 ' , 

0 Tni.r' 

0 I’mee 

or. 100^ 

0 

0 2 ', 

Alixent 
Tr r,' ; 

40 70*; 

i(K»% 

’rr»ee 

No 

Yea 


Wax failing' is an cxcoctlinxly Rood flux, and will ihorotiRhly arnalnaniHU* witli 
the harder awpliilta and asfihaltifos. mrlndinn oven uraliarnito It forms a ladtot 
'lux than the n'^idinl oiN dorivotl from aH|)halti(’ iiotroloiim. A very small fior- 
oontaKP will often starve to thoroughly tlux materials whirh are othorwiite ineom* 

pitililo, and at the .same tune imnvue the ihietihty of the mixture. (Vrtaiii as- 

phalts, although they may flux toKCther at hinh temi>(;rature«, will separate partially 
on e(X)hng, forming a very finely Kranular fomlition, which is particularly notieeable 
when the .surface of the mixture is fre.^hly disturUal, or ujk)1i drawing a small 
[lellirle into a thre:id 'Fhe presence of a Hiiiall jiercentafte of wax tailings will 
often prevent this, anti it theixdore enjoys ii uni<|ue position among the fluxes. 
Large quantities, however, .should Ik* avonletl as wax tailings is extremely susceptible 
to changes in tempeniture and lacks weather-proc>f properties. 'Lhe presence of 
wax tailings will increase the solubility of asphaltic substances in petroleum dis- 
tillates, and accordingly becomes useful for manufacturing certain types of bitu- 
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minous paint. A representative sample of wax tailings tested by the author ga\ 
the following results: 


(Tftst 9c) ConHistency at 115® F 

ConHiH»«*iioy at 77® F , , 
CotiHiHU'ncy at .32® F 
(Tent Of/) SiiBC(*p(il)iIity factor. . . 

(Test 106) Ductilify at ll.l® F 

Ductility at 77® F . . 
Ductility at .32° F» 

(Test 11) Tensile HtreiiKth at 115® F 

Tanaile atrentdli at 77® F 

Teti.sile streiittfh at .32® F 

(Test 1.5a) Fu'imK-point (K A .S iiietliuci) 

(Test 1.56) FusiiiK-point (H & It method) 

(Test 17a) Flash-point 


0.0 
5 9 
22 9 
25 0 
1 1 
.3 9 
13 5 
0 0 
0 5 
9 5 
90“ F 
98® F. 

.382° F 


'I’he production of wttx tailings is not large, and it is not, therefore, of great impor- 
tance to the asphalt industry. 



CIIAPTKH XXI 

WURTZILITE ASPHALT 

Wi’HTZiLiTE a.sphalt or wiirtzilito pitdi, inarkH('<i iindor tlir name of 
“ kapak,” is pr<Klii((‘d by cracking or d<‘|)oIyiiicrizin^ wiirtzilite (p. ir>b). 
It is similar to the latt(‘r in its physnal eharacleristies with the exeej)- 
tion of: 

fl) d'lic hardness, which is v(‘ry much reductHl. 

(2) Its fiisi))ility. Treated wurtzilit<‘ is fusibh' wh(‘re{us crude wurtzi- 
lit<‘ IS not. 

(d) Its solubility. Treat(‘<l wurtzihte is rea^lily soluble in (‘arlMUi 
disulphide, and m(Kl(*rat(‘ly .‘<0 in naphtha, wherc’as (he crude pnHluct 
is practically insolubh* in both. 

the proces.s consists in heating the wurtzihte in a clos(‘d veKS(*l 
or still to a temtK'iature of oOl) to 580'^ F., uihIct mine or less pressure. 
Vat)ors are evolv(‘d during (he process which are cond(‘ns<‘d and returned 
to the still, and in turn attack the wuitzilite, first nslucinjf it to a plastic 
mass, which aft(‘r healing is conv(‘rt(‘d into a fusibh* substance. If the 
va|M»r pre.ssure bcconi(‘s too gieat, .so^iu* is allf)W(‘d t4» (‘.sca(X‘. 1'he pnM*- 
ess which takes place is virtually a “ de|M)lymerization " (see p. 58). > 

In practice, th(‘ wurtziliti* is first run through a crusher to break up 
any coars(^ lumps, and then fed into a horizontal cylindrical still thnmgh 
tw'o charging hopixas, one at either end, provided with tightly fitting 
covers which are fastened int » place lK‘for(‘ the fires an* starUni. The 
lx)ttom of the .still is protected by a fir(*-brick arch, and the prixiucts of 
combustion after pa.s.sing underneath the arch, are returmsl in thrt*e 
fir(‘-l]ues running through the still (one It) in. in diameter and two (» in.), 
and thence back aga n in the space surrounding the still, alxive the arch. 
The vapors generated from the wurtziliU; pass upward through two pii)eH 
joined to the top of the still, near the <‘nds. and connecUnl with a single 
water-cooled coil, which coinlenscs the va|)ors and returns most of the 
condensate to the still. Not all the condensjite Is returned, however, for 

‘ r S Phis Cl 0.0 17 of IW 13, 1S9«. 017,700 of Jan 17. IftOO. and 020.082 of Feb 21. 
all to C E Anthon.v, C.V».130 ami 0.W131 of July 31, 1000 also 716,787 of Dfc. 23, 1002, 
all U) H M Thomrwon. 7.34.482 ami 734 483 of July 21. 1003 to 8 R. Whitall, 708.101 of 
An* 23. IfKM to F M WliHall. 804.8.30 of .S-pt 3. 1007 to W. F. Doorflinipr and L. H. Buck; 
984,240 of Feb. 14, 1911 to J C. Uo*mj, 
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practice has demonstrated that the optimum results are obtained if 
2 to 5 per cent of the distillate (based on the weight of wurtzilite charged 
into the still) is drawn off. This may be used as fuel under the still. 

The longer the wurtzilite is heated in its process of manufacture 
the greater the quantity of oils produced, which act in the same manner 
as a flux, and hence lower will be the fusing-point and hardness of the 
resultant product. 

It takes six to eight hours to raise the temperature of the charge to 
400° F., then four to six hours to reach the maximum temperature (580° 
F.), which is maintained from twenty-four to thirty-six hours. The 
contents are then allowed to cool to 450° F., and finally drawn off through 
a valve at the bottom. 

According to the author’s investigations, Nova Scotia albertite is 
also amenable to this process, although up to the present time it has not 
been treated thus commercially. 

The wurtzilite products are marketed under various arbitrary numbers 
ranging from “ 0 ” to “ 10,” each of which is recommended for a specific 
purpose, including the manufacture of paints and varnish, insulators, for 
manufacturing insulated wire, for weather-proofing conduits and cables, 
as a filler for mechanical and hard rubber compounds cured by the press 
or open steam method, for coating prepared roofings, for manufacturing 
carriage drills and similar compositions applied by tlie calendar process 
and cured by the dry heat method, etc. Certain of these compounds 
represent mixtures of wurtzilite asphalt and gilsonite, with or without 
the addition of asphalti(‘. fluxes (c.g. residual oil), and vegetable oils 
(e.g., linseed oil, palm oil, etc.). 


Wurtzilite asphalt complies in general with the following characteristics: 


(Test 11) Color la niaM«i 

Black 

(Test 2a) lIon»ogoin>Uy to (he eye at room temperature 

I'mform 

(Teat 26) Homogematy under mieroaeope 

Cmform 

(Test ;i) .^ppearaaee surface aged iadoors otu' week . 

Very bright 

(Test 4) Fracture 

Conchoidal 

(Test 5) I.ustn> . . 

Bright 

(Test fl) Strehk oa porcelain 

Brown to black 

(Test 7) Specific gravity at 77® F 

1 04- 1 07 

(Test 9c) CoasKiteacy at 1I.*>® F 

10 - 25 

Consistency at 77® F 

, 20 - 50 

Consistency at 32® F 

50 -120 

(Twt 9d) Susceptibility factor 

30 - 40 

(Teft 106) Ductility at 115® F 

1 - 5 

Ductility at 77* F . 

0 - 1 

Ductility at :12® F , 

0 

(Teat 11) Tensile strength at 115® F 

1 - 4 

Tensile strength at 77" F 

5 - 10 

Tensile strength at 32® F 

8-15 

(Teat 15a) Fuuttg'puiut (K. A S. method) 

. 150 -300® F. 
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(Test 

l.V)) 

FusinK-point (B an«l R m< th<xi) 

170 

:»2.'i® F. 

(Tc-t 

l»w) 

\iilniili- ni.Hltcr, .'>(X)® F, 4 liuwrx 

l.riw tllHIl 


17<i) 


4:>o 

(HX)® F 

(T.st 

10) 

Fixtil rarliori 


2.^'; 

(•|Vvt 

2l(j) S<)Iubilit> 111 rnrhoii (li»wl|>hii|r 

os 

(01)', 

(Tot 

216) 

\«)n-inim'riil iiiHtt<r iii.vilijl)l(‘ 

0 

r; 


21r) 

Mincriil iiiititrr 

Tr 

2' 

(Tot 

22) 


0 

2', 

(Tot 

2.1) 

Sdliihilitv in SS® iiH|ihiha 

.M) 

SO' ; 

(Tot 

2S) 

Sulphur 

4 


(TchI 

;oi) 

<)l\ Ifcii 

(1 

2<; 

(Tr..( 

;).)) 

ParalK/if 

0 

Trun* 

( r< >it 

;o) 

SutunitiMl l(>«lr<>« •irhoii.'* 


I2‘;. 

(Tot 

.12.) 

Sulphitnaliiiii rt*'iilu<‘ 

JM) 

»:•' ; 

(T.'st 

.{7) 

SupoiiihiiMi- ciuixtitm lit"* 



(Tr«t 

il) 

Diiirii r'‘H< tnui 

Nu 


(Tc-^f 

■(-') 

\ntlir.'t'|niii'iiu n i'‘ln)ii 

Nu 



S|K‘cimons of tli(* unfluviM) w iirt/iiito axpliMlf hv (ho .niithor toNtinj tin 



N„ „ 

\.. 1 

Nu t; 

Nu It. 

('[■(it Or' ('onxivtciu \ at ll.V !• 

22 t» 

IS 

1.^ 0 

11 7 

( '(iii‘<i'<lfriry at 77® (' 

4.'. I> 

4! h 

as 

32 4 

< ’<)ii-*ist(’iicv at .12® 1' 

no 0 

02 2 

KO tl 

71 1 

1 I’t ".f 0(/) Sii'*ci ptiliilil V fai'tar 

)2 1 

.‘{.1 1 

32 S 

31 2 

(Tot I.Vj) FuMinif-|><iiiil (K ami S imthoil) 

2t«0 

220 

2«M) 

lot) 

1 r«'tt KWO l)u<tilil\ at 11.')® 1' 

2 

i 

a 

1 

Ductility at 77“ 1' 

' 0 

0 

0 

i 

I)u<lilit> at .'{2® F 

0 

1 

0 

0 


'l'hos(* finuros iridicato (hal (ho (*\(oii( rd snf(oMinjc and htworitij^ of (ho fiininK- 
[loiiit IS doi)ondon( uiK)t> (ho o\(<'n( (o wIiH’h (ho procoss (»f dopolyiiiori/H(ion has 
[iroffrosM’d It. is iritorostinn (o obsorvo in (Ins oonni'otioii that (ho sii.sooptihiltiy 
factor roinains practical ly nnchaiif'od. 

Wuitzilito asph.'ilt is T-haniclorizod hy its low six'cific (gravity, 
fusiiij^-jKiiiit, low siiscoptiliility factor, (‘xtrcinc and nihbcr- 

likc pid{M‘r(i(\s (i.e., resiliency), hif?h-tensil(* streni^tli, small iK*rcentaKes 
of oxygen and non-mineral matt<'r, laiT:(‘ i)ercentai?(‘ of sulphonation 
residue, and al)s(Mice of sajxmitiahle const itmiits. 

It is (juite similar in many resix*cls to blown asphalts (particularly in 
rc‘nard to its susceptibility factor), but may be dilTerentiated from 
these by: 

(1) A greater hardness or consistency at 77° F. for any given fusing- 
point. 

(2) A greater bmsile strength for any given fusing-point. 

(3) Smaller percentages of oxygen. 

(4) Smaller percentages of satunited hydrocarbons. 
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Wurtzilite asphalt is also similar in man}^ respects to the fatty-acid 
pitches, especially in its toughness (resilience) and its low susceptibility 
factor. It is distinguished from these, however, by the following: 

(1) Its solubility in 88® naphtha, which is smaller than in the case 
of fatty-acid pitches. 

(2) The presence of sulphur, which is absent in the fatty-acid pitches. 

(3) The smaller percentage of oxygen. 

(4) The larg(*r pcTcentage of sulphonation residue. 

(5) The absence of saponifiable constituents. 

In other res{)ects they arc apt to test pretty much alike. 

Wurtzilite as[)halt shows remarkable weather-resistance and finds its 
greatest use in manufacturing asphalt paints and for coating prepared 
r )ofings. Its u.se is limited by the small (luantity produced, and the com- 
paratively high piice at which it is marketed. 



CHAPTKH XXn 

FATTY-ACID PITCH, BONE TAR AND BONE-TAR PITCH 

'I'liKSK art* classititMl together InraiiM* all are <loriv(Ml from substajicos 
contaiiiinj^ animal or voKolablo fats or oils, althou^b in mamifacturiiiK 
l)on(* tar and bono-tar pitch tlu‘ crude materials carry hut a small pro|H)r- 
tion. 

FATTY-A(TD PITCH 

Various generic terms have lH*en us(‘d to designate this product, 
including candle tar, “Kerzenterr” (Cerman), “ goudron ” (French), 
candle pitch, fat pitch and “ FettjKvh ” (Cerman). Six‘cific names 
liave also l)een atiplied, descriptive of the raw mat<Tials used in pro- 
ducing the pitch, such as stearin pitch, palm-oil, pitch, Ixme-fat pitch, 
cotton-seed-oil pitch, cotton pitch, cotton-steann pitch, cotton-secnl- 
foots pitch, corn-oil |)itch, corn-oil -fools pitch, packing-housi' pitch, 
garbage pitch. .s(*wage pitch, fuller’.s-grea.s(‘ pitch, wool pitch, wool- 
grease pitch, w(jol-fat pitch, chol(‘st(*rol pit<*h, and st(‘arin-wool pitch. 

The fatty-acid pitch(‘s are obtain(*d as In-pnxlucts in the following 
III a n ufac t u ri n g pn x’esses ; 

(1) Prixluction of candh* and soap stocks. 

( 2 ) Refining vegetable oils by means of alkalies. 

(3) Refining n‘fuse grease.s. 

(4) Tr(*at merit of wixil grease. 

The raw materials used include the vegetable oils and fats, animal 
oils, fats and waxes (wool grease), alsij tlu^ wasti* greiises derivcxl from (he 
foregoing. Vegetable and animal fats and oils are combinations of (he 
fatty acids with glycerin, known as “ triglycerides,’’ and illustrated by the 
following generic fonnula, in which “ R ” represents any fatty acid radicle 

CaHs^-OR 

Fats and oils may be purified or refined in two ways: 

(1) By treating vegetable oils with a small amount of caustic soda 
to remove the coloring matter, free fatty acids and other impurities, with- 
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out, however, breaking up the triglycerides. This process is used for refin- 
ing vegetable oils when they are to be used for edible purposes. The resi- 
due is treated with mineral acid to break up the soaps, and then distilled 
with steam to recover the fatty acids, whereupon a residue of fatty-acid 
pitch is obtained. 

(2) By decomposing or “ hydrolyzing ” the triglyt'crides into glycerin 
and free fatty acids, and then distilling the latter with steam, whereby 
fatty-acid pitch is obtained as a residue. The object of distilling the fatty 
acids is to improve their color or odor and thereby adapt same (a) for the 
manufacture of candles (which arc commonly light colored or white), 
or (h) for manufacturing soaps (such as toilet soaps, etc.) which must 
be odorless and preferably light-colored. 

Production of Candle and Soap Stocks. These are obtained from 
various animal and vegetable oils and fats, also from waste greases. It 
is always necessary to subject the fatty acids to a process of hydrolysis 
and steam distillation for producing candl(‘s, but not for manufacturing 
soaps, unless the fatty acids arc too dark in color for the character of soup 
required or possess a disagreeable odor, in which event they are purified 
by distillation. Various methods of hydrolysis may be used, but they 
all depend upon the same reaction, in which the triglyceride combiius 
with water and decomposes into glycerin and fatty acids, as illustrated 
in the following equation: 

/OR /)H 

CaHs^OR-f 3H • OH =C'3H5(;-( )H-f 3 R • OH. 

^OR \)H 

Triglyoorido Water Glycerin Free Fatty Acid 
(fat or oil) 

It is necessary to hydrolyze the fats or oils l^efore distilling the fatty 
acids, since the triglycerides themselves are not capable of being distilled 
without decomposition. The following methods of hydrolysis have been 
used: 

(a) Hydrolysis by Means of B'afcr. Fonnerly, water alone was used 
for the purpose, the fat or oil being heated in an autoclave with 30 per 
cent of its weight of water at 220 lb. pressure (corresponding to a tempera- 
ture of 200® C.) for eight to twelve hours. This decomposes the triglyceride 
into fatty acids and glycerin, but with water alone it is difficult to break 
down the fat completely. It has been found that the addition of 3 per 
cent of lime or magnesium oxide, and preferably the latter, assists the 
reaction and produces a larger yield of a better product, and at a much 
lower temperature. Accordingly the fat or oil is heated at 120 lb. pres- 
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sure in a horizontal or vortical cylindrical vessel providtnl with a stirring 
device, with 20 to 2") jx^r cent hy weight of water and 3 |ht cent of 
lime or inagi.csium oxide. The lm‘aking down of the fat is practically 
complete at the end of eight to ten hours, and in aildition the color is very 
much l)etter, as there is less decom|K)>ition, due to the low(‘r t(*m|)<‘ralure 
employ(‘(L The fats or oils u.scd for this pur|H>se may consist of animal 
or vegetable tallow', palm oil, Inme fat. lard- or cotton>s<M‘<l stearin (crystal- 
lized at low temjM‘ratur(‘s from lard or <‘otton-s(M‘d oil resjx’ctively), ^.hea 
butter, etc. 

At the end of (h(‘ process, the fre<* fatly aculs rise to th(‘ surface* and ait* 
skimmed ofT, K*aving the arjiu'ous liepior eontaming the* glycerin (together 
with the hydrated linn* or magn(*.sia, when the* latter an* us(‘d). The* 
glycerin is it'coverc'd by a special proc(*ss which, howt'ver. do(*s not fall 
within the sco|X* of tins treatise, 'I'la* fatty acids are subji'cted to steam 
distillation to deodorize* and whiten th(*m. also to purify th(*m by .M'parating 
any non-hydrolyze'el fat. 3'he fatty acids are* run into le‘ad-Ime*d tanks 
wiiere the‘y are first tr(*at(*d with dilute* sulphuric acid tei re*move any trace*s 
of magne'sium oxiele*, e‘tc., the'ii washe'el with wate'r, lie'ated to (*x})e‘l the* 
moisture*. afte*r .vhie*h the'y are fe*d intei a re'teut anel elistille'el with supe‘r- 
heate'el st(‘am with eir withenit the* use* e»f vacuum. 'I'he* fatty aciels suitable 
for elislillatiein sheiulel nett eaintain ineire than o ])e*r e'e*nt etf netn-liyelrolyze'el 
fat (neutral fat) netr more* than 0.2 iH*r e*e*nt eif nnne*ral matte‘r. 'Pei obtain 
a distillate* etf getetd ejuality, e*ar(* .dietulel be take’ii nett tet elistil the* fatty 
aciels at tetet high a te'in|>e*rature as the'y are* e*<tre*mely suse*eptible tet eive'i- 
lieating anel elee'eimjKt.silietn into elark-colore'd hyelrete’arbetiis (un.sa}Ktn- 
ifiable*), which would, etf e*e)urs(*, de*pre’e*iate the* value etf the elistillate*. 
'riie still shoulel be cetnstrue*teel .so that the* liame'S will nett e*etme intet 
elire'e*t contact with the iMittetm anel e-ause* loe*al etverhe*ating. The* 
te*mj)erature‘ etf the material in the still shetulel j)refe*rably Ite maintain(*d 
between 230 anel 250° (\, anel although in e e*rtain instane*e‘s it is |M*rmis.sible 
tet reae'h a te'm|x*raturc of 270° (\, uneler no cire’um.stane*es .shetulel this bo 
e'xceedeel. 

Two methods are useel for conducting the elistillation. The first 
e-onsLsts in continuou.sly replacing the fatty ae-iels, as they elistil with an 
eepiivalent quantity of undistilled material, as long as the distillate showx 
a .satisfactory cejlor and i.s free from unsai)e)nifiable hydroe*arl)onK. I'he 
effect of the distillation is to concentrate the impurities and unsaponified 
(neutral) fats or oils in the still. The di.stillation conducted in this manner 
may be continued feir five to six days lief ore it lK*comes nece.ssary to clean 
out the retort, which is then filled entirely with a soft fatty-acid pitch. 
The second method con.sists in replacing the distilled fatty ac*ids for but 
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sixteen to twenty-four hours, then diseontinuinf( the addition, and Vjis- 
tillinfr tlio contents of tlio rotort until tlio distillate ceases to be of suitable 
quality, as is evidenced by a change in its color. The residue consisting 
of soft filtty-acid pitch is then drawn off into a separate still known as the 
“ pitch still,” th(‘ first still n'charged, an<l the process refK‘ated, until after 
a sufficient number of distillations a sufficient (piantity of soft fatty- 
Jicid pitch accuinulat(‘s for further treatment. It is claimed thjit th(‘ s(‘cond 
method gives b(‘tt(‘r r(‘sults and yi(‘lds a distilhite lighter in color and con- 
taining a smaller p(*rcentage of hydi’ocarbons. 

In either •as(‘ the soft r(‘sidu(‘ is distilled separat(‘ly with superheated 
steam and vacuum. VVlien the neutral fats increase in concentration to 
12 to IT) piT cent they commence to decompose into hydrocarbons, some of 
which distil with th(‘ fatty acids and some remaining with the residue 
This portion of the distillate known as “ <till returns ” is accordingly 
caught separat(‘ly and returned to th(‘ first still to be worked up with 
another charge of undistilled fatty acids, wlumce it derives its name. The 
final residue constitutes the so-called “ fatty-acid iiitch.” 

d'he following figures will give an idi'a of the yields from the fatty 
acids derived from fats and oils hydrolyzed by the treating with 2.() to 
3 per cent of magnesium oxide at a pre.ssure of nine atmospheres for 
eight to ten hours.' 
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The distilled fatty acids are next separated into two portions represent- 
ing those of low and high molecular weights res|H‘ctively, by cor^ling and 
crystallization. The ma.ss is first cooled to a low temperature and filter- 
pre.ssed. The filtrate known as the “ saponification olein ” is cooled 
again and repress('d to separate any additional quantities of “ saponifica- 
tion stearin.” The latter is combined with the “saponification stearin ” 
separated from the first pressing which is then treated at a higher tem- 
perature in a steam-heated pre.ss to remove the last traces of “saponifica- 
tion olein.” The following yields are obtained; 


Kft.-'xlf’r, Ktr nd , *, 4*), 1902, 
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Tin* sipoMificatioii ^U'ari!) may Ik* ummI fttr niamif;u*tnrm^ (‘afi(lli‘,‘<. 
in which cvonl it is generally mixeil with a certain |)(‘rcentagi* of pjiratline 
wax, or in some instaiici's it may lx* um*<1 for producing haid whiti* soap^ 
The sa|H)nitication olein may he u.scd for mamifaclurmg soaps or wimiI 
oils (cloth oils), or it may lx* convi'rtixl hy a hydrogenation pnx-ess into 
substances of higher melting-points, suitalile for pnxhicmg candh's. 

(/>) H udi'oljisis hif Mvfins of < inurntidti <1 .S’a//t/oovc .ten/.' 'i'he fats or 
oils are first fr(*ed from moi.vture by hi'afing to a t(‘m|X‘ratur(‘ of I2f)”(' 
ft is (*ss(‘iitial that all the moisture be remov(*d to pri'vi'iit (‘xci'ssm* 
deconifKisition. 'I'he mas> is then niftidh/ mixed with f to () p(‘r cent 
of concentrated sulphuric acid (fib to t)7° Daume) and lie.atixl in a cylin- 
drical vessel providi'd with a nu'chanical agitator. Tin* heating is con 
tiniK'd just long enough to break up flu* triglycerides .and no longer 
'Hie sulphonati'd mass is then imnKalialelv run into boiling water and 
agitatial by a steam jet until the sulphonated acnis hydrolyze. 'I'he 
mass IS then allowed to stand quietly until the fr(*e fatty acads rise* to 
till* surface, leaving the* glyc(*rol and sulphuric acad m the* lower layer. ‘ 

d'he fatty acids pnxluccal in this maiiiM*r an* dark colonal and must 
be distilled. d'h(*y are first washeil with waf(*r until neutral, tliiai heated 
to e\{x*l the moisture and finally distilled with suix'rheati*d st(*am with or 
without a vacuum as previously de.scribed, whereupon a residue of soft 
fdUij-ai'id pitch is obtained. .According to naxlern practice, this r(*sidue is 
again treatcal with concentrat(*d sulphuric acid to hydnilyze any neutral 
fats remaining, and incid<‘ntally remove the ac(*umulal(*d mineral mutter 
(including any cop|x*r or iron derived from the ft ills). Jt is th(‘n wiished 
fn'e from the acid and r(*disfilled, leaving a residue of medium to hard 
f(ittij-<ind pitch. The dark colored di.sfillate, known as " still ndurns,” 
is worked up in small (juantities with the crude fatty acids undergoing 
their first distillation. 

The yield of stearin known in this case as “ distillation stearin ” is 
greater than that obtairuxl in the ac|ueou8 process of hydrolysi.s, due to the 
fact that some of the olein (in this case known as “ distillation olein ” 


‘O Ro.xaijc-f, Chfin N't Frit-Harz-Ind . II, 174, 1008 
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or “ distilled olein is converted into a solid product (consisting of 
stearolactone, isomeric oleic acid, etc.). The olein and stearin are separated 
by cooling exactly as in the foregoing process. A smaller yield of glycerin 
is obtained due to its partial decomposition by the acid, and that of fatty- 
acid pitch is also less and of a darker color. 

The fojiowing yields are obtained: 

Distilled flteariii or distillation stearin 61-63% 

Distilled olein or distillation olein 30-32% 

Distilled glycerin or distillation glycerin 8 -9% 

Fatty-aeid pitch , 2-3% 

To avoid losing the glycerin, which constitutes one of the most impor- 
tant and highest priced products, a “ mixed process ” is now used consist- 
ing of a combination of the foregoing. 

(c) Hydrolysis by the “ Mixed Process.** This is a combination of the 
two foregoing processes, and consists in first hydrolyzing the fats or oils 
in an autoclave with water and an alkaline accelerating agent (such as 
lime or magnesium oxide), and in this way recovering tlie full amount of 
glycerin. The resulting fatty acids ar(‘ dehydrated and treated with 
concentrated sulphuric acid in accordance* with process (b) to increase the 
yield of stearin and complete the hydrolysis of any neutral fat which may 
have escaped the first treatment, and thus minimize the fonnation of hydro- 
carbons in the distillate. 

Tlic following yields are obtained: 
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The following products an* obtained on tn*ating tallow: 

Distillotl Nti'Hrin 61-63% 

DiMtilli'd oloin 32-30% 

DiMtill(‘(l glvri'riu (ftp gr 1 24) 10% 

Futty-aciil pitch . 2- 3% , 

(d) Hydrolysis by Means of Snlpho-corn pounds. This process, known 
as the Twitchell method, is rapidly replacing the others, and is now 
employed in soap factories for treating the fats or oils before soap-making, 
as it separates a purer glycerin and at the same time results in a greater 
yield (88 to 90 per cent of the theoretical quantity contained in the fat 
or oil vs. 80 to 84 per cent obtained in the direct caustic soda saponificatior 



FATTY-ACID PITCH, HONE TAR AND HONE-TAR Pl'ini 323 


method for soaps). Moreover, the liquor separated in the Twitehell 
process is not contaminated with the sodium chloride used for “salting 
out ” the soap in the ordinary methml, and it contains 15 per cent by 
weight of glycerin again.^t 3 to 4 |)er cent in the liquor obtaineil on direct 
saponification of th(‘ fats or oils with s(Klium hydroxide. The fonner 
therefore effects a saving in evai)oration. 

The fat or oil is first purified by st(‘aming with 1 jkt cent of (>0° Daum(^ 
sulphuric acid for alw^ut two hours. It is then transferred to a wooden 
vessel eqiii])|K‘d with |)erfora((‘d steam pijx's aho a well-fitting (‘over to 
exclude air which would cau.se the fatty acids to darken, and mix(‘d with 
50 |)er cent water and 1.5 imt c(‘nt of the Twitch(‘ll reagent. The latter 
is prepared l)y allowing an ('xce.ss of sulphuric acid to a(‘l on a solution of 
naphthalene (or other aromatic hydrocarbon) in (►leic acid, which results in 
the production of a body having the g(‘neral composition: ^ 

CioHi)' /V Naphthalene-sulfo-st('aric acid, 

t isll:irA‘2 

It is advisable to introduce* a .Huall jxTcentagc* of free fatty acids tostart 
th(* hydrolysis whicli otherwi.H* take's a little time to begin, 'fla* mat(‘rial 
is .steamed for t\\(*nty-four hours, whereupon a small epiantity (0.1 to 0.2 
pcT cent) of f)0° Haun.(‘ sulphuric acid is addt'd to break up the* e'mulsion 
and permit the fatty acids to rise* to the suiface and the* glycerol to i)asa 
into the aeiueous liepior below. About 0 05 p(*r ce'nt of barium earbonato 
is finally adde*d to neutralize the* mmeral acid 

The resulting fatty acids are dark in ce>lor and must be di.stilled. This 
is usually affected after a preliminary treat m(*nt with concentrated sul- 
phuric acid as in method (6) to incr(*ase the yield of .st(*arin, which is of 
sjx*cial importance when the product is to be u.s(*d for manufacturing 
candles. The yield is the same as obtained from the .siponification or 
mixed process respe'ctively, depending uixin the exact method of treatment. 

A new reagent has recently apfX'are'd on the market under the name 
“kontakt,” discovere'd by the Hussian cliemist (Irigori Petroff,^ consist- 
ing of aromatic sulpho derivative*.s prep ’red from Baku mineral eals 
(specific gravity 0.870) by mean.s of fuming sulphuric acid. It is suppo.se’d 
to have the general formula (\H 2 « u SOaH, and is markeU*d in^thc form 
of the soda or potash .salts to secure a more concentrated product. I'his 
catalyzer does not darken the fats or ejil.s, as was the case with the earlier 
reagent, and hence it become*s unnece.s.sarv to distil the re’sulting free fatty 
acid.s in making high-grade soaps, unless the raw fats or oils are themselves 

> U S. Pat fiOl.eiew of .Mar 2y, IS9«, (o Krioci Twih JkII. 

‘French Pat. 448,207 of .Aug .'U, 1912, V S Pat. 1,233,700 of Jul. 17, 1917, to Urifon Petroff, 



324 


ASPHALTS AND ALLIED SUBSTANCES 


very dark in color. With high grade stock, ^ to 1 per cent of kontakt 
is used, and with low grade materials, such as yellow or brown greases, 
1 to 2 per cent.^ 

This process is adapted particularly for treating raw materials of 
low quality, including “ greases,’’ which do not readily yield to method (a). 

(c) Hydrolysis by Means of Ferments. This method is also meeting 
with some favor, as it produces a large yield of glycerin uncontaminated 
with salt or other solids difficult of separation. Many soap manufac- 
turers accordingly hydrolyze their stock by means of ferments to s('parate 
the glycerin, and then saponify the resulting fatty acids with sodium 
carbonate either direct or after first purifying th(‘tn by steam distillation. 

The ferment is derived from the castor plant by grinding the decorti- 
cated castor beans with water and filtering through (*loth, wla'ieupon a 
white creamy filtrate is obtained which is set to one side and allowed to 
ferment spontaneously. The ferment which rises to th(‘ surface, is 
skimmed off and used while fresh. It is coinixised of a thi(*k crc'amy 
substance containing approximat(‘ly 38 pc'r cent of fatty acids derived 
from castor oil, 58 pc'r cent of water and 4 pc'r cent of an albuminoid sub- 
stance containing the active material. 

The fat or oil to be treated is mixed with 40 |x'r cent watcT, 5 to 8 
per cent of the ferment and 0.2 imm* cent of manganc'se sulphate in a lead- 
lined vessel eciuipped with a steam coil and a pc'iforab'd compressed-air 
pipe. Heat is then turned on, and the temperature maintaiiu'd 2 to 3° ('., 
above the melting-point of the fat or oil. The mass is agitatc'd by air intro- 
duced through the perforated pijK' and the treatment continued one to 
three days until the hydrolysis is complete. Sufficient stc'am is then 
turned on to bring the mass to a temt)erature of 80 to 85° ('., whereupon 
0.30 to 0.45 per cent of 50 per cent of sulphuric acid is stirred in by air. 
This breaks up the emulsion, the clear fatty acids rising to the top 
and the aciueous liquor containing the glycerin settling to the bottom. 

When the separated fatty acids are pale in color they may be saponi- 
fied directly for manufacturing j^oaps. Where dark-colored fats, oils 
or greases have been employed, which result in the production of dark- 
colored fatty acids the mass is distilled with steam, whereupon the fatty- 
acid pitch is obtained as residue, randle stock may also lx* produced 
by subjwting the purified fatty acids to a low temperature and filtering, a.s 
described previously. 

It is, of course, understood that when the crude oils or fats (triglycer- 
ides) or the free fatty acids derived from them (by any of the foregoing 

»“A Now CatiUylio RoKgcnt for Splitting Glycerin from Fata and Oils,” by R. E. Divine, 
Am. Per/Hmtr, ll, 377, 1917. 
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procrsst's of hydrolysis) arc sii|X)iiifi(Hl dmcHy with stMliuin (•arl)onat<» 
(soda ash), no fatty-acid pitch is pr<Mlucod. 

Refining Vegetable Oils by Means of Alkali. Most vi'gctahlc oils 
intended for edible purfx>s('s, wijether th(‘y an‘ to 1m* used for siilad oils, 
lard substitutes, niargarim* manufacture, or <hrc<‘tly for cooking oils and 
shortening, are first treate<l with caustic .^wla for tin* purixisi* of removing 
free acids, coloring matter, albuminous mat(‘ri:d, resins, etc. 'PIm* oils 
chiefly treated are cotton-.^c'iHl, (*orn, soya Im*;*!!, rocoanut and j>eanut 
oils. 

(«) liefining ('ofton-seed Oil. Oude cotton-s(‘ed oil when obtained 
fresh from the .seed varies in color from nMldi.di brown to almost black. 
This is due in part to tin* coloring matl(*r. wliich isa dark rc.sinoiis Mibs,ance 
capable of comlaning with caii.^tic soda forming a water-solul)l(* ^alt, 
also alliurnin and fx'ctin bodii’s. Tin* nn'thod of refining tin* oil consist < 
in agitating it with varying (juantiti(*s of caustic .soda .solution, the stnmgtli 
of which will rang(‘ from l.lt) iu 1.20 specific gravity, acctu'dmg to the 
IM'rcentage of free fatty acids presi'iit an<l tla* practice of tiu* individual 
refiner. The agitation is efb'cled by m(‘chanieal sliriers in largi* tanks 
f)rovid(*d with heating coils. 'Hk* (plant ity of alkaline licpior addc'cf is 
determined by careful lalioratory t(‘st and run in through piaforated pipi's. 
The effect of the alkali is first to darken the oil and apfiari'iilly thicken it. 
After a short time small flak(‘s lM‘gin to .separat<* and heat is lh(‘n applied. 
As the temp(*rature increases, tla* flak(‘s b(*com(‘ larger, owing to tla* soap 
soft(‘ning and running togeth(‘r. When the right point is ri'aclK*!!, at 
tem|K*ratures varying from ItK) to 130'^ F., sti'am and agitatam an* shut 
off and the snaj) drops t<» the bottom of the kettle, forming a mucilaginous 
mass, varying in color from yellow' to brown through all shades of gre(*n 
and red. This material is known as tla* “ f<M»ts." The cl(*ar light yellow 
oil which Ls pumped off the foots is then r(‘fin(‘d further for (‘dibh* purposi‘s. 
('otbm-wvd oil purified in this manner is known to the trade as “ summer 
yellow oil.” When us(‘d in making lard substitutes it is bk'ached with 
fuller’s earth and then deodorized, generally by the use of st(‘am. Salad 
oil i.s obtained by chilling the summer yellow oil so as to crystallizi* out 
the palmitin wliich is .separated by pressing or filtering. 

In the United States alone the annua! production of cotton-seed fcnits 
amounts to approximately half a million barrels valued at two million 
dollars. The foots vary in gravity from 0.97 to l.fM, averaging about 
1.00. They contain the soda salts of the coloring matter, the soda soaps 
of any free fatty acids present in the cotton-seed oil (30 to 45 per cent) 
the coagulated albumin (8 to 12 per cent), phytosteryl (see p. 549), ana 
varjdng quantities of mechanically entrained cotton-seed oil (triglycerides). 
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Cotton-sood foots arc sold on the basis of “50 per cent fatty and." 
As a matter of fart they contain k'tnvcn 35 and 65 per cent, averaging 
about 15 per cent. A representative sample contained: ‘ 


Fiitfy milivilndo'i (enrn^iixiriilmg to ii "oO-ptr rrnt .soup stork") 

■50" 

(ilyeeriti 

,7 

('aiistir soda (\aiO) 

.7 

rorriKii orKtitor ninth r 

r> 00^;, 

Coloring iiiiittcr 

2 42% 

Water 

.76 (M)", 


7'r»tHl KM) OO';' 


(*()tt()n-s(‘('d fools injiy convc'rlnl diroctly into soap by })oiling 
up with a small oxcoss of causlic soda and “ salting ” il out in the usual 
mannor, when no pilch will be oblaincd. The resullin^ soap is known 
as “ killed foots” and the dark ly(‘ conlaininjj the eolorinp; mailer and 
impurities is run to waste. A proee.ss has also Ixhmi (h'seribed for reeoverinf? 
a shellac-like substance from cotton-seed foots by oxidizing with hydro- 
gen peroxide in an alkaline solution and acidifying to .‘>:(‘parate the fatty 
matter.- 

Usually, however, the cotton-seed foots an* subj('cted to distillation. 
They are first acidified whih* hot \\ith dilut( .sult)hunc acid, whei(*upon a 
black grease ” containing about DO per cent of the total fatty acids 
(calculated as olei(*) ri.ses to the .surfac(*. This is separa1(*d and subj(‘cted 
to the Twitchell or oth(*r hydrolyzing processes to bn'ak up any neutral 
fat and recova’i* all the glycerin. Tin* fatty acids obtained in this mai'tier 
are e(juivalent to 7.5 to <S.5 p(‘r cent of tin* original \\(*ight of the cotton- 
.seed oil u.sed. TIu'y an* subj('ct(*d to va(’uum distillation • with sujH'r- 
heated steam to septirate the pure fatty acids from the residiu* of fatty- 
acid pitch, variously called “cotton pitch," “cotton-oil pitch," cotton- 
seed-oil pitch,” “ cotton-stearin pitch," “ cotton-se(‘d-oil-foots pitch.” 
etc. The (piantity of pitch produced will range between 10 and 20 per 
cent of the w(*ight of the crude fatty acids (black greiise) distilk'd, which is 
e(|uivalent to I to 2 per cent by we’ght of the original (“otton-seed oil. 
The yield will depend upon the degree the oil is sai)onified. the amount of 
impurities present, the efficiency of the di.stilling apparatus and the extent 
to which the distillation is carried. 

The purified fatty acids recoven'd by distillation are used for manu- 
facturing soaps. The fatty-acid pitch is usually .soft in consistency, 
moderately stringy and of a pale brown color wiien examined by trans- 
mitted light in thin layers. 


‘DHvid Wesson. J Sor Chrm Jnd , t6. rm, UK)?. 

* Ger Pat 220, .%82 of Jiin 26, 1909, to Hermann I-oesehmk. 
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(/>) fiiiOHj ('iirii Oil. (’orti oil !>. ■^oiiM'tiiin'" n>tiin*»l li\ tnvilmy witli ;i sim;iII 
profNirtioii of (•.iii-tu’ vodM in » ni.inm'r ^miil.ir lo iln> inc(lio«| for rotlon- 

^M'li oil ( |HMi (j«’iMiori/inK the n'tiiKMl pioiinci with oii|>otli<<;it4‘«i Nto'itii iiiitirr 
n‘(lu('tnl pn's.sun‘. wliih' liojitt'd (o a f4*ni|M‘r.iiun’ of KKI !• . an imIiIiIi' product ix 
olitatncd, U'X'd a» a •'alad «iil, al^i for I’akc and lii''iini making' It ina\ als4) 1 h‘ 
converted info a lard c<iin|><»nnd l>\ a li\4irot>enation pr<K‘<“v*» I'lie corii-oil hnitx 
are fr(‘al(*d l>\,a niethiMl vnnilar to tln‘ one iimmI lor n'tininji; cotton-siaal f^^lt^ 

\ jiitcli I" obtained known a> “»orn-oil pilili." iKixM's'inu a 44»niparali\el\ In^h 
fii-in}i-|>oint. cliaracteri/ed by its niblMT-hki* proi>ertH‘s and lack of <lnctilit\ If 
the distillation is carried I<k» far, tin* pitch will actnalh .sohihf\ in the sfiH and 
can onl\ Ik* removed with jjreat difficult \ 

Refining Refuse Greases, (ni l{tjiiiiiiij ami ('niras.'i-rt mU i nm 

(,'na^K “ rallow” is the nanii* applieil to tin* |)urili«'d s,)Iid fat oj ‘ suet" oblairied 

from cattle It is used e\tensi\el\ for prodin mir soap and candle stock I'lic 
crude fat is first “rc'iiden'd" b\ IkiiIiiik with wati'r m an <i|K*n \ess*l to separati' 

It lioiii any albiinnnoiis matter or other impurities presiuit. and then clarified bv 
wastiiri^r with weak brim* “bard” is obt'iini'd In rendiTinj' the soft fats which 
surround the kidiie\s. mti'stmes and backs ol pi^s Tallow and lard niav In* used 
as sill’ll for manufacturing soaps, but for producm>i caiidh's they must first be 
li\drob/.e l and purified In steam-4iisiillation 

'1 he was({‘ meat scraps obtained from pai’king houses, .also tin* carcaxsi's of 
animals freial from the iMines, an* treated with sP’am m lai^n* <li>restors at a hitfh 
pressuie to separate flu* fat When tin* ciMikinn is eoinplele. the batch is allowed 
to stand (|Uietl\ to peiiiiit the ((n*ase to ris<* to lh<’ suifice and the disint4>grated 
meat-fibri's to s(>flle 'I'Ik* tirean* is skimmed oil and nii\ed with aii\ additional 
grease reiovered from the s<*tthiit![s In filtei-pres-in^ 1 he n*sidue is then eon- 
serted into f(*rt ili/.ei , and the aijiieoiis Inpiid used for m.ikiii^ lihie 1 he grease 
leiinered from this proc(*ss has a disa| 4 n*eable odor and a dark color, and must 
U* IndroK/ed and steam-disfilh’d Ix'fote it c;ui lx* us<*d lor nianiifacturiiiii either 
eandlc' Ol so;ip 'I'lie r(*sidue from the ste.ini distilkition pro<‘ess .’111101111111111 to 
lictwi’cri a .‘ind t) [)i*r cent of th«* gn'ase, constitutes .1 v.iiietN of latt\-acid pitch 
h.’iMMu ’I lie'll! brown color when \iewed in e thin la\ei .md treat diK’tihtv (unless 
the pitili is distilleil (imi fan \ |)ackmtdiouse tn*ase h is lx*en e\tensivel\ market(*d 
III this couiitiv iiiKier the name «»f “ni’IIow 

(In h'ljimm/ Ham Ciui-t Tin* Ikhm*s reio\ered from iiackint hous(*s or carcims- 
reiidermt works an* used for rnanufacturint tdue, iMUie-black (us4*d hir dei olori/aiit 
|M‘trol(‘uni distill i((*s, s 4 >e p and fertili/ei Ifones from the head, ribs and 

shoulder-1 lades (’Jinlain 12 to Id |M*r cent of la', wliere.is the large thigh iKities 
( ‘marrows' ) (ontain ‘2t) iM*r cent 'I’lie fat is extracted b\ bn*aking ui) the Iwini's 
into snijill fragm(*nls and tlu*n eit!H*r’ 

(I I 'I’reating with steam m an aiittwlave undi*r a pressure of 2 to d atniospln*res, 
wh«‘reu|X)n a |Kirtion of flu* fat s<*parntes and floats to tin* .surface, tin* gelatin 
or gha* gfX's mto s((|ufion, and the mineral ingnalieiil.s (calcium plitwpliate, etc ) 
remain as n*sidue From H to !1 |H*r cent of fat (b;is4*il on the dry w(*ight of the 
Uines) IS recoveri'd m this manner 

f2t I'Atracting the drie<l Inines with a volatile s(dvent such as lx*n/.ine, e.'irlKiri 
t(‘trachlorid(‘, or Im'uzoI in a suitable apparatus A much larger fiercenbige of fat 
is extracted in this manner, but the cost of ot>eration is higher, due to unavoidable 
lovses of solvent, and the (xlor of the product i« ver>' Mrong. 
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In either event the extracted fxtne fat is first hydrolyzed by any of the foro- 
(ffing methods and then steam-diatilled, whereupon a variety of fatty-acid pitch, 
known as ^‘bone-fat pitch" is recovered as residue, amountinK to .5 to 6 per cent 
hy weight of the fjonc-fat. The product may Ixj used for manufacturing soap, 
or after cooling and filtering, the “stearin" may be converted into candles, and 
^he “olein" either used for manufacturing soap or else marketed as such for “wool 
oik" 

(c) Refining Oarlxige and Scmigc Greases, The average city garbage as collected 
contains; 

Water 70-80% 

CJrease . . ',i 4% 

Tankage 10 20% 

Tuilingt) (rubbiHh) 3 B% 

It is treated in a manner similar to that used for working up tlie refuse from 
packing houses and carctuss-remlering estiiblishments, namely by lolling in large 
digestors holding S tons for six hours under a pressure of 70 to SO lb. (Arnold- 
lOgcrton System) ‘ This reduces the material to a pulpy mtiss, which is filter-pressed 
to remove the water and grease. The residue, known as “tankage," is dried and 
ground for use as fertilizer. The liltrate is allowed to stand, whereufion the gre:ise 
rises to the surface and is skimmed otT. The grease when dehydrated, hius a dark 
brown color. It is hydrolyzed to separate the glycerin, and the resulting fatty 
acids purified by steam-distillation to render them suitable for manufacturing 
soaps and candles. 'I'lie residue, known as “garbage* pitch," amounting to to 
7 |)er cent by weight of the garbage, has a dark color when viewed in a thin 
layer, and Is quite susceptible to bun|H*rature changes. 

Sewage also carries a jiroportion of grease which is now often Ix'ing recovered, 
es|)ecially in large cities. 'Phe sewage is first run into large tanks, where the 
solid matter known ns “slmlge" settles to the liottoni. 'I’he precipitation may lie 
accelerated by adding a small |)ercentago of slaked lime. .Vftcr drawing off the 
liquor, the sludge is treated with a small <|uantity of sulphuric acid to break up 
any insoluble soaps, and then IkiiUsI m large digestors under pn'.ssure to hydrolize 
the fats, and enable the gr(*ase to separate. The residue is dried and u.sed as fer- 
tilizer. The grease is dehydrated, then hydrolyzetl and finally distilled with siqier- 
heated steam, yielding alxiut 25 {ler cent of a fatty-acid pitch known as “sewage 
piUdi." T’he characteristics of this are similar to those of garbiige pitch. The dis- 
tillate contains about 50 {ler cent of liijuid olein and 50 per cent of solid stearin 
melting at about 1 13® F.* 

(d) Refining WooUn-mill Waste. Olive oil, lard oil, neat’.s-foot oil, saponification 
olein (or saponified olein) and distillation olein (or distilled olein) are sold under 
the names “ wool oils " or “ cloth oils," and used m woolen mills for lubricating 
the wool before spinning into yarn, or for oiling old woolen rags liefore grinding and 
“ pulling " in the manufacture of “ shoddy." One of the perquisites of the wool 
oils is that they shidl have no tendency to dry or oxidize, and they must also be 

‘"City Refuse and ita Disposal," If de B Parsons, J. Soc. Chem Ind., 17, 370, 1908; "Col- 
lection and Final Disposition of City Wastes by the New York Department of Street Cleaning," 
Edward D. Very, J. Soc. Chrtn , Ind. 17, 378, 1908; "Garbage and Rubbish Disposal in Los 
Angeles," by S. B. Simons, Afunie. J , St, 799, 1915. 

• "The Utilisation of Sludge from Town Sewage as a Source of Fat,” D. Holde, Snjensieder- 

gtf., 41. 1151, 1915. 
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easily removable on l>oilmg the finishtnl woolen Koo<l8 or shoiWy with a aolution of 
soap or fMxlium carlwnate. The presence of hy<litM*arl»on'<. even in small cpiantities 
is objectionable, jis they tend to prevent the removal of the w(M) 1 oils during the 
scouring process. 

After the goods are .scoiire<l, the Ii(|Ui<l is mixed with fre.dily sIkIomI lime which 
serves to pn*cip>tate the soaj>s. The curds are M»ttlcd out and separated, Uien aiad- 
ifiwl with dilute sulphuric acid to separate the fix'c fatty aculs, wliuli an* skimmotl 
ofT and filtered to n*move any dirt. The pro<luct known as "fuller’s gn‘as<'," 
" s«*k oi ’’ or “ magma oil," is distilled with steam, wlu'reby the w(y>l oils an* 
n*coven*<l, and a resi<lue of fatty-acid pitch obtaine<i, amounting to 10 |)(*r tviit by 
weight of the greasi*; known lis “ fuller '.s-greiise pitch," or '‘s<*<*k-oil pitch." 
Tins will vary in it*' profierties de|)einling n|»on the raw matenals entering into the 
conii>osition of the original w(k)I oils 

Treatment of Wool Grease. Wool gn*as(', known also as "wool wax," or 
" w(K)l (h’grjus " represents the oily material naturally prest*nl in shei*p’H wisil. and 
differs entirely from the .so-calh*d " wool oil " discu.sMHl pn*viously, Wool gn*aso 
is in reality an animal wax, as if coiitaiii.s no glynTiii or glyc<‘rides whafsoi*ver 
It IS e\tract(‘<l by Isulmg the cut wool with an alkaline soai> wiliifion or s(M)ium 
c.arl)onate Formerly volatile solvents wen* us(‘d for this purpoM*. but tiu* m(*tli(Kl 
is no longer practiced. ,\fter 1 (uliiig with Kiap or s<slium carUmate, the liijuor is 
acidifierl with sulphuric acid, uhen*upon the gn*as(* rises to the surface and is 
skimnie<l off. IX'hydrated wool gn‘a.s<* melts letween Kh and 104'’ F. and (“ontains 
approximately 55-tiO iK*r cent fatty acid.s, aFo 40 1") fK*r (*001 higher al(*ohols (un- 
8af)onili;ible). 

W(s>l grease is tn*ate<l m various ways, and * n oi g others )»y a din*ct process of 
distillation with su|)erheated steam nitlmi/t pn*Mous hydndysis ' (as the waxes 
present are not amenable to such tn*atn(*i.t) whereby the following jiortions are 
recoven'd : 

(1) .\ light oil comjK).sed maml\ of hydrocarlKuis 

(2) A heavier oil which on c(K)Img .separates into a lifjUid and a >ohd portion 
'fhi-^ is thenmixm cwled and filter-prcs-M'd to S4*parate the olein (known a.s " dis- 
tilk‘d-grease-olein ’’ or " degnis oil"), whieh is um“<I as a leather or w(m>I oil, from 
the .stearin (known as " degni-s .‘stearin "j, wim h is laed m the soap iiniustry or 
as a leather ".stuffing greas<* ” 'fhe olein consists of />() iM*r (rnt fna* fatty aeidH 
and r>0 i)er cent unsaturated hydrocarl kuis and cholesterol, 'riie stearin carries 
711 jier cent chole-terol and .10 |)er (‘«nt fn*e fatty acids. 

(d) \ nvsidue of fatty-acid pitch known .sfH'cifically as " ursd-grease pitch," 
"w<s)l-fat |)itch," " W(s)l pit<*h ” or " i holeslend pitch " 'flu* pitch is distin- 
gui.shed by its high ductility and susceptibility fa<for, the larg<* iiroisirtion of 
umsaismifiable constituents pre.senf and the fact that it yields a decided cholesterol 
reai'tion (see page .’hO). 

The yicld.8 are appronmately 10 |K*r cx*nt light oil, fA) i)er cent olein, dO f)er 
cent .stearin and 10 f)er cent fatty-acid pitch. 

The rcaction-s which take place during its distillation are quite complicated. 
Some of the esters break up into free fatty acids ami hydrocarbons thus: 

CuH uCO • OC.*H M = CuHuCX) ♦ OH d-CuH „. 

Cotyl palmitatc Palmitic Acid Crtin 

' U S Pat 896,00.3 of Aug 18, 1908, to Caricten ICIIia 
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Similarly the higher alcohols and cholesterol distil partly as such and also partly 
decompose into hydrocarljons.* 

Physical and Chemical Properties of Fatty acid Pitches. Fatty-acid 
pitches vary considerably in their physical and chemical properties, depend- 
ing upon the following circumstances: 

(1) The nature of the fat or oil from which the fatty acids are derived. 
If these contain low melting-point fatty acids, the fatty-acid pitch will lx; 
soft in consistency, provided the distillation has not been carried too far 
(see p, 320). On the other hand if high-melting {xunt fatty acids pre- 
dominate, the fatty-acid pitch wil be semi-solid to solid in consistency. 

(2) The proportion of neutral fats or oils present in the fatty-acid 
mixture, which will prove to lx; the case if the procc'ss of hydrolysis is 
not carried to theoretical completion. Since the neutral fats or oils (tri- 
glycerides) do not distil with superheated steam, they concentrate in the 
fatty-acid pitch, and arc very apt to dccom|X)se into hydrocarbons (un- 
saponifiable) if the distillation is carried bx) far (sec p. 319). If the dis- 
tillation is stopped at a {xjint without decomixjsing the neutral fats oi‘ 
oils, the value of the fatty-acid pitch is enhanced by their presenc{‘, lis tiuy 
are more stable and weather-resistant than the fatty-acids thcm.selv(‘s. 

(3) The extent to which the distillation is carried and the tomjx'ni- 
ture at which it is performed. If distilled too far or at too high a tem- 
p(;rature, the fatty acids decom|K)se in the presence of steam, first into 
hydroxy acids, which in turn break down into lactides, unsaturated prod- 
ucts and lactones in the following manner: 


(a) «-hydroxy acids arc converted into lactides in accordance with the 
following reaction* 




R 

R CH IOH H|0 CO 

RCHOCO 

1 

^CH\ 

0 CO 

1 + 1 

1 1 

or 1 1 . 

CO 01 FI IIOI CH R 

COOCHR 

CO 0 


\CH^ 

1 



1 

R 


(b) jS-hydroxy acids become converted into unsaturated products as 
follows: 

(« (a) 

R CHa CH CO OH R.CH2 : CH COOH, 

J I 

|OH H| 


* iDOQftth And Margovchea, Chtm. Rer. Fett- Hart- Inti , If, 194, 1904, Chrm. [nd., IT, 220, 1904. 



FATTY-ACin PITCH. BONE TAR AND BONh^TAH PITCH 3,11 


(r) 7 and 6 hydroxy acids arc trans|)os(Ml into cyclic esters of the nature 
of 7 and 6 lactones resp(H'tiv(‘ly. in the following manner: 


and 


(7) (/^) («) 

R CH2 C'O 

I ! 

lOH ~ ^ H|() 


U) (-) (d) (a) 

R C’H. (’H2 (TI-> ('H2 (X) 


(a) (’H. CX) 

I > 

(d)('H2 (TI R 
(7) 


W)( 


OH 


HiO 


(or) 

(’H 2 ~C 0 


CH> 

(7) 


(11 H 

{f>) 


It follows therefore that the fatty-acid pitches contaitj fre(‘ fatty acids, 
their lactones (anhydrides), undecomposed glycerides (neutral fats (»r 
eils), condensation products of unknown composition. hydrocarUm 
decomposition products; and in the c.*is(* of fatty-acid pitch(‘s deriv(‘d 
from wool greas(', we find cholesterol and higher alcohols.' 

Th(‘ presence of hydrocarbon decom|)o.sition j)roducts is evid(‘nced 
largely by th(‘ color of the pitch when examined in a thin lay(‘r. If thew‘ 
are present, the pitch will be a black, oth<‘rwise it will have a rich brown 
color. The |X'rcentage of .saixmifiable con.stituents pre.s(*nt in the fatty- 
acid pitch is a criterion of its ([uality. Th(‘ larger the ix‘rc(‘ntage, the 
bett(‘r the (piality from the stand{M)int of weather-re.sistance. Fatty- 
acid pitches of the optimum quality contain not le.sH than DO per cent of 
saponifiable constituents. Then are ax uralher resistant as any Intu- 
ifunous sf{J)stance. The smaller the |M*rcentage of saponifiable const it lumts 
in the pitch, the less w(*ather-re.si.stant if will prove to be. 

In recent years there has been a tiaidency to remove more and more 
of the safKHiifiable ingredients from tin* fatty-acid pitches, in vi(‘w of the 
high price commanded by the fatty acids, and also b<‘caus(* of improvements 
effected in the distillation process. The author has examined fatty-acid 


' •Sfonnn Porh,” by K DonaUi and K .Sfraawr, CAi wi Znt , 17, 17SS, 1H5M, " Dn- I’mIit- 
nrhcKliing und rhoniiHoln* Natiir vnri dutikdn iM'rhartwn lUlrkatjindnn d«T Distillation von Krddlnn, 
hVttcri und KfttHiliin'n,'' I) Hold*- and J Marrnaaon, .Mitth koniKl Vcnnn-lian»l von 

Hcrlin, 18, 147, IU(K). also r/ifm Her FeU~Hari-It»i , 7, 2, lUtXl. " Zur rnU'mbnduiiK d'T 
Aaphaltn," B M Margoarhoa, ('firm litr FetnUnri-Ind , 11, 148, 1904; " Kaaminalion of 
by K Donath an<l B M Margoaohea, ('hrm Iml , 87, 220, 1904, " NotiE<*n Obor StfarinjM'fln*,'' 
K Donath, Chrm Rrr FetnUurt-tnd , If, 42, alao 7.1, lOO.'i, ” rnlcraurhung d<T Kohlnnwaaiw r- 
atofTfile und Fette.” D IIoUIp, Berlin, p 281, 1913; " Detertion of PetroliMjni Pileh in Fat Dis- 
tillation Heaiduea,” J Marruaaon, Mill kgl Matenalaprtifunjpuiint, SO, IHtl, 1913 "Stearin Pitch,” 
by H Xfayer, Sn/ermirder Z , 41 . .194, 1914, " Chemical Technology and Analyaia of Oila, Fata 
and Wane,," by Dr J T.ewkowifach, .5fh Kdiiion, Ix>iidon. !9I.'5. 
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pitches containing as hij^h as 98 p(*r cent unsaponifiable constituents. 
These appc^ar ^^lossy black in color arul almost opaque in a thin layer, and 
therefore find a ready use in the manufacture of cheap lacc|uers and japans, 
not intended for exposure out of doors. 

All fatty-acid pitches are converted in a more or less infusible and 
insoluble, mass upon exposure to the weather for a long period, or upon 
heating a short timi^ to a temp€‘rature of 250 to 350° C. in contact with air. 
This is equally true whether or not un.saponifiable constituents are jiresent, 
and makes this class of pitches especially valuable for manufacturing, 
baking japans and varnishes.' They are also converg'd into insoluble 
and infusible substances by heating with sulphur.^ Blowing with air at 
high temp(‘ratures rapidly incnuses their fu.^^ing-point and at tlie .same 
tim(‘ tends to convert them into the in.soluble modifi(*ation.'‘ 

Fatty-acid pitches containing a large proportion of saponifiable' con- 
stituents show an (‘xtremely bnr susceptibility factor, in fact lowe'r than 
any other class of bituminous materials, (’onveu’sely fatty-acid pitches 
in which the unsaponifiabk' constituents predominate are apt to have 
(piite* a high susceptibility factor. 

In general, the various clas.ses of fatty-acid pitcti are characte'rized by 
tiu' following predominating }>hi/siral jjroperties, a.ssuining that they 
have bee'll carefully pre[)are<l and neith(*r ove'rheatc'd nor distilled too 
far, viz.: 

Fatty-.'icul pitches niaUc from lard arc usually very ductile with a low susceptibility 
factor 

Eitty-acid pitches inmh* from tallow are muierally hard, lacking in ductility with a 
low susceptilality factor 

Palm oil latches are hard, lacking in diu’tihty, with a inoilerately high susceptibility 
factor 

('ot ton-seed-foots pitcli is usually .soft, of iiKMlerate tluctihty having a low suscep- 
tibility factor. 

(\)rn-oil-foots pitch is citn'mdif rubbery, shows little ductility and h.is an eceved- 
iiiiily low suscei»tibility factor. 

Packing-house pitch is ductile and has a low su.sceptibihty factor 
Hone-fat pitch lacks ductility and has a moderately high .susceptibility factor Its 
color in a thin layer ami streak are black. 

(larbage and .sewage jatches are ductile with a high susceptibility factor Their 
color in a thin layer and .streak are usually black. 

W»H)l-gi\'!i.se pitch IS ductile and has an extremely high susceptibility factor. Its 
color in a thin layer and streak are usually black. 

1 r S Pul 842,(11, 'i of Jan 2l>. 1111)7, to Paul llof'irho, Or Put 217,026 of lOO.'i to VogHaanK. 
also Paig Pat 384.') of U)U6 to ('oiinoM> 

« I’ S Pat« to Ciriacoin, p 29.’), also (tor Pats 77,810 to L Baiirnhiolm ami .\ Jornandor, 
22A,9ll to Malchow. 

• tSor. Pat. 208,378 of 8opt l,'l, 190,'), to (Itto Sohroibor. 
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Fatty-:ioi(I pitches (n»ferriii^ to ait t,v|K*s) comply with the follow iiifj charat'- 
terL‘<tics: 


(Tc.Mt 

1) 

Color in ni:iHs 


Itark lirown to hlnck 

(1 <*Ht 

l(j| 

lloiiioKonojt j to till f\o Ht 77'’ 1 


t niloriii to uriit.x 

(T<‘ut 

'2b) 

Hoiiio({oin It j iiiidor iiiiori)sfopr 


1 iiilorin to lump) 

(T.-si 

3) 

\ppoariinoo surtaoo iinnl indoors oii* 

Woc-lv 

Hnclit 


4) 

Frio turo 


None to c onc'hoidal 

cr.-st 

A) 

Flint ro 


Ml ivht 


t>) 

Strojik on poroi linn 


I iKht vollcew, lirown to liUfk 

(T.Ht 

7) 

S|M-oifio Krmit\ lit 77° F 


0 *t0 1 10 

(Tost 

Of) 

('oiiHihtonix at 77*^ 1 


0 to 

(TcM 

()</) 

SiiHc ciitiliili) \ factor 


N to 

(Tost 

101 

l)lKtlllt\ 


\ irnl.lo 

(Tost 

13) 

< >dor on lic'utniK 


Ch ii cc te riHlio fat)\ 

\niF If lio.iloil willi (Miwdoroil pot l>i'>iilpli!tl< , 

an eerleir eel 'o roollll will llO ovolvod 

duo to tho 

|(M oiii]i()Hii loll ol tlio Kiv'<r>i> pri'soid 



('I'ost 

l.Vt) 

l''iiHiiin-poinf l\ 'iml S initlioci) 


3:. JJ.V I' 

(Tost 

r./,) 

I UHiiiK-point (M and It nutliod) 


.0 JtV 1 

(Ti'st 

I(l) 

\ol'itilo iii.ittiT .'>00* 1 , 1 lirs 


o *> 7 , 

Nor t 

II no 

irl\ all I asi H. a nkin will form c.v«r 

the Hiiriaio eel 1 ho pitrli durinif the rlotit 

III\IIHllOt\ t/f 

llio 

\olatilc‘ niaticr 1 Inn h t Iru’o i< pihi k t 

'e rt.llle fattV'IKld pitches, ospceifdlv 

tlioso OolltMlIllMtt 

a lart'c' pof **iitit|.M of s.ipoinli cl>lt < 

• ilist It 11 

Ills, eetlen 1011^1)111 Op and Sol|elll\ 

t(j u riil)l)i r-liko 

nans (liirinij thin ti 't 



(lost 

l7o) 

I'laHli-point 


C.O le'eO' F 

( lost 

ID) 

I 1X0(1 ( arlion 


'e 3'e' , 

( r. V 

J 1 -1 ) 

Soluliilifx in oarlxoi di-nlpliid* 


•I'e lOO' , 

(Tl Hi 

JIM 

\oii-iiiiii( r d m.iior iii'-ohildi 


o '*• „ 

( r< Ht 

JIM 

M nil r il mat (« r 


o ■»' , 

( r. Hi 

22) 

( arhi tic H 


0 ■<', 

(Ti-h| 

2\) 

.solnliilif \ III SS' ii!i|ilillia 


sti too',', 

(T.hI 

JS) 

Siilpliiir 


< e 


30) 

< »x\ ({Oil 


2 10';, 

( font 

3 1) 

I’ar.itliiio 


lrice> 

(T( Hi 

34) 

S itnratoil ludro' arhoriH 


o , 

( n Ht 

3:.) 

Siilplionat ion r< Hidn, 


0 ■(' , 

(ToHt 

37) 

S iponilialilc c oiiHiitiioiitH 


.'i OS' , 

(Tost 

37«) 

Ariel \aliic ( ini'liiiliii({ lac lone value ' 


J lot) 

(Tost ;i7/o 

I.Htor valor 


to IJ.'i 

(Tent 

37d) 

Saponifn at Ion valii<‘ 


teO J(M) 

(Tost 

3')) 

1 risiipoiiifialilo matte r 


2 o.'c' , 

(ToHt 

3H<i ) 

II> droc arleoiiH in iiiiHa|»oiiifiiil»lc- iiiHttcr 

00 l(Kt'„ 

(Tost .C.IM 

lli((lior air (diolH cc heelostc rol I in iinsHpcmi- 




fialilr- Hint tor 


t) 10* ; 

(Tost 

40) 

( ;h oorol 


'1 rare* 2 !'t% 

(Tost 41) 

Diazo roaotiofi 


No 

(Tost 

42) 

Anthrarjiiinejiio nniotion 


No 

(Tost 43) 

lac hornianii-stier' li re ac tion 


^ c s III the l•nso of tho wceol 


jtn iiHi' ovly 


Table XXVll I contains the results of the examination of reprewmtative Hamples of 
fatty-acid pitch by the author; 
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TABLE XXVIII —CHARACTERISTICS OF 


No. 

Tost. 

From Lard. 


, Phynical CharactertMicH: 




2a 

HomoRfricity to «yo at 77“ F 

Homog 

Homog 

Homog 

2(> 

IIomnju'iK'Oy «irHl«‘r mirroHrapo, . , 

Homog 

Homog 

Lumpy 

» 

Appi'aranr:' Hurftin> agi'd Bcvcn dayH 

Bright 

Bright 

Bright 

4 

Fracture 




a 

1/iintro .... 




ti 

Streak ... - . 

Yellow 

Yellow 

Yellow 

7 

Specific gravity at 77“ F ... 

0 972 

0 980 

0 990 

9r 

CoHMistency at 113“ F, . . 

0 t) 

0 0 

0 0 


CoHHistency at 77“ F 

t) 7 

1 3 

2 4 


Con«i»tency at 32“ F 

8 2 

9 8 

10 0 

9d 

S»8ceptil>ildy factor ... 

18 3 

It) 7 

14 3 

10b 

Ductility iii cms at 115“ F 

0 

0 

10 


Ductility in ciiia. at 77“ F 

42 

3fi 

25 5 


Ductility in cina at 32“ F . 

75 

88 

27 

11 

Tenailc atrcnuth in at 115“ F. 

0 0 

0 0 

0 0 


Tenailc atrciiKth in kn at 77“ F. 

0 0 

0 05 

f) 05 


Tensile strenKth in kn at 32“ F 

0 75 

0 95 

1 75 


Ural Ti hIh' 




la 

Odor on heatiiiK 

Fatty 

Fal1> 

Fatty 

Iba 

Fusing-point deg. F. by K and S metho«l 

U 5 

59 

70 

l.V) 

Fusing-point deg F. by B and R. method 

57 

74 

85 

Ki 

Volatile 5(X)“ F in four hours, per cent 

2 tl 

3 0 

5 3 


Character of ri'sidue. | 

Litth- 

Change 

Little 

Chaiigi' 

(iclat 


Flash-point deg F 

152 

■)25 

185 5 

19 

Fixed carbon, per cent 

t» 2 

11 2 

10 4 


Solubihty Tffh' 




21a 

Soluble in carbon disulphide 

l(K) 0 

1(K) 0 

99 7 

21/* 

Non-mineral matter insoluble 

0 1) 

0 0 

0 3 

21r 

Mineral matter 

0 1 

I 1 

1 5 

22 

Carbenes 

(1 0 

0 0 

0 0 

2a 

Soluble in 88“ naphtha 

lOtt 0 

jllMl 0 

IIM) 0 


Chemical Testii: 




28 

Sulphur 

t) 0 



33 

Paraffine 

0 0 

0 0 

0 0 

33 

Sulphonation iH'sidue 

0 0 

0 3 

0 1) 

37a 

.\cid value 

17 tl 

65 0 

03 3 

37h 

Lactone value ... 

83 2 \ 

79 8 

75 9 

37c 

Ester value 

86 4 J 


37d 

Saponification value ... 

167 2 

144 8 

139 2 

39 

Unsaponifiable matter 

0 5 

5 5 

1 5 

30a 

Hydrocarbons in unsaponifiable matter 


95 0 


m 

Higher alcohols in unsaponifiable matter 


5 0 


40 

Olyccrol. . 

4 7 
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TYPICAL FATTY-ACID PITCHES 



From 

Tallow 

From 

Packing 

Houttc 

Rcfuai'. 

From 

Bone- 

fat 

From 

(larb- 

nge 

From 

S«‘w- 

Mge 

r 

j 1‘rom 

1 Cottonaeed- 

1 0)1 Fitoia 

From 
Ctirn 
Oil 
Foot a 

From 

Palm-oii 

From 
\\ ool- 

greaw* 

IIoinoK 

Homog 

llomog 

Homog 

Homog 

(iritty 

Honing 

Homog 

(iritl\ 

linrnog 

Homog 

(Iriltv 

lloinoK 

llotiioK 

Iloinog 

Cntty 

(Intiv 

Lum|)\ 

Liiiiijiy 

II«>mug 

1 iim|iv 

Homog 

(Intis 

1 iinipv 

hnnht 

Bright 

Bright 

Bright 

Bright 

Briglo 

Bright 

Bright 

Bright 

Dull 

Bright 

Bright 


Coin n 








( 'on* h 

('om h 



Biiglit 








SI ilull 

Bright 


Brow n 

Br<i» n 

Briiw n 

Black 

Black 

Black 

5 . How 

Brow n 

Brown 

Brow n 

Black 

BImk 

1 (MMI 

1 0(i0 

1 (M(3 

1 03(i 

1 01 13 

1 on 

0 992 

0 95' 

tt 99S 

1 042 

1 OS7 

1 0211 

1 T) 

11 :< 

0 ii 

2 1 

2 l» 

2 9 

0 0 

1 1 

7 2 

9 .1 

11 7 

0 11 

5 S 

23 2 

(1 3 

7 9 

11 7 

30 0 

2 7 

5 1 

1.5 S 

24 7 

.15 2 

1 2 

i:) 2 

52 0 

15 7 

55 1 

III) 1 

IS 3 

It 1 

10 .5 

25 1 

.50 5 

S2 0 

32 S 

12 r. 

22 { 

15 0 

11 9 

to 5 

33 9 

19 7 

15 3 

S 5 

2^1 5 

n 0 

,15 S 

2 :> 

IS 5 

23 

IS 

72 5 

52 

S 5 

31 

5 

.15 5 

2.'* 

1.5 

2S 

1 

SI 5 

5 

00 

15 

19 


2 

2 

0 ,5 

47 5 

IH 


20 

0 

0 

0 5 

2S 5 

10 

0 .5 

' 0 

0 

31 

0 (1.*) 

1 75 

0 0 

0 05 

0 50 

0 25 

0 0 

0 tl.5 

0 75 

1 IM) 

2 20 

0 0 

0 20 

3 nj 

0 to 

0 30 

1 25 

1 10 

0 10 

0 5 

1 55 

2 2 

5 00 

0 25 

2 3.') 

(• 2 

3 25 

t 70 

(i 2 

S 0 

2 .10 

1 2 

.5 1 

9 5 

11 25 

1 05 

Fatty 

Futt\ 

Fiittj 



Falt\ 

1 att\ 

!• all> 

1- :«tt\ 

Falls 

1 allj 

Fatly 

no 

IH2 

97 

120 5 

1 12 

134 

71 5 

101 

210 

K.l ,5 

172 

91 5 

130 

202 

115 

in 

102 

151 5 1 

92 

120 

2.15 5 

ISO 

193 

Ills 5 

5 0 

1 2 

1 7 

0 5 

0 0 

0 5.5 

t 2 

0 .IS 

0 25 

.1 5 

1 2 

7 2 

T.itth- 

I.itih' 

I lltlc 

Loth' 

Little 

(h-lat 



Cclat 

Mm h 

1 Otic 

1 1 Otic 

Chang*' 

Chatigi' 

( 'hangc 

Change 

Change 





4 h.’inge 

( liang*' 

( 'hiinge 

4S0 

1S2 

510 

575 

590 

510 

t»35 

.525 

.5S0 

4I»2 

.'►04 

4l>0 

12 0 

IS 4 

12 f, 

19 1 

13 5 

IS 1 

10 s 

9 2 

S 2 

20 2 

.14 0 

30 It 

100 0 

OS 5 

UK) 0 

97 7 

9S 2 

9S 2 

•I'l s 

97 5 

97 .1 

9S 2 

9<> 2 

9H K 

0 0 

2 1 

0 0 

0 0 

0 7 

1 7 

0 2 

0 t 

2 0 

0 s 

.1 S 

0 5 

0 :» 

1 3 

2 0 

0 1 

0 35 

0 S 

1 t 

tt 3 

0 .5 

1 2 

1 3 

1 1 

0 0 

0 1 

0 0 

0 1 

0 t 

1 1 

0 0 

0 0 j 

0 2 

2 1 

1 3 

0 0 

98 0 

St> 7 

100 0 

9t 0 

SS .J 

95 2 

IIMI 0 

92 1 j 

90 t 

92 0 

S2 2 

99 0 


0 0 


0 0 

0 0 



0 0 1 


0 0 



0 0 

0 0 

0 0 

0 0 

0 0 

0 1 

0 0 

0 0 

0 0 

0 2 

0 3 

0 0 



3 7 

4 0 


3 0 

0 0 


0 5 

1 2 



81 9o 

44 1 

23 5 

20 2 

2 5 


00 5 



40 5 

13 4 

30 6 

97 53 

112 0 

74 1 

39 5 

103 5 


95 4 



92 9 

53 9 

88 7 

179 5 

150 1 

97 6 

59 7 

100 0 

120 4 

155 9 

151 0 

172 0 

139 4 

07 3 

125 2 

1 0 

15 2 

5 0 

OS 0 

97 0 

7 0 

2 0 

4 41 

2 7 

0 0 

75 0 

00 0 


97 0 


93 fi 

91 7 

90 5 

95 0 



90 0 


W 0 


3 0 


fl 4 

8 3 

9 5 

5 0 



4 0 


10 0 


0 0 




0 55 

0 8 

2 35 
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ASPHALTS AND ALLIED SUBSTANCES 


According to Marcuswon ‘ the saponification value of fatty-acid pitches never 
nms l)elow 33, and in the majority of cases exceeds 100, whereas the safwnification 
value of petroleum asphalts dm*s not exceed 21. A. H. Lukens* reports that the 
saponification value of fatty-acid pitches ranges from 45 to 100, and in the ca.se of 
petroleum asphalts from 5 to 18. 

Fatty-affid pitches are also di-stinguished from asphalts by the small i)ercentage 
of Hulphonatiori residue, and the absence of sulphur. 

According to Donath and Margosches (loc. cit.) wool-grea.se pitch may Imj 
identified by boiling the rna^rial with alcoholic potash, and then filtering the hot 
liquid. A fairly abundant precipitate will form in the filtrate on cooling, which 
will give the cholesterol reaction. (Test 43.) 

The author has found the lineal coefficient of expansion of fatty-acid pitches for 
1* F. (length = 1) to average 0,00023. 

Fatty-acid pitches flux satisfactorily with mineral waxes, native and pyrogenous 
asphalts, tars and pitches. They also flux satisfactorily with gilsonit-e and glance 
pitch, but not with grahamite. 

The following figures indicate that the hardening (toughening) of fatty-acid 
pitches on exjwsure to the weather is due to oxuiuiion. A sample of soft fatty-acid 
pitch (the first in Table XXVIII) wjis mclkHl and poured into a .shallow ghuss 
dish, forming a layer exactly 1 millimeter thick. This wjis expased out of doors 
lor one year in a dust-free receptacle protected from the direct action of the weather, 
and the following increases in weight noted: 


After 1 month gained 0 62% 

After 7 months gained 4 20% 

2 

2.52% 

8 

4 27% 

3 

3 27% 

9 

4 30% 

4 

3.60% 

10 

4 38% 

6 

3.86% 

11 

4 42% 

6 

4 12% 

12 

4 46% 


The original pitch was soft and semi-liquid, hut after exposure for one year it 
hardened to a tough, leathery mass. The original fusing-point was 44 F. (K. 
and S. method), and at the end of the year 185” F, 


BONE TAR AND BONE-TAR PITCH 

In the production of bone tar and bone-tar pitch the crude bones are 
first steeped in a 1 per cent solution of brine for three to four days, to 
separate the fibrous matter. They are then degreai^ed by one of the 
following methods: 

(1) Boiling the bones with water in open vessels; 

(2) Boiling with water in closed tanks under a pressure of 10 lb. ; 

(3) Extfacting the bones with a solvent (usually a petroleum distillate 
boiling at 100® C.) and removing the last traces of solvent from the bones 

‘ " The Composition and Examination of Residuos Obtained from Fat Distillation." Z anQfir 
Ch$m., U, 1207, 1011. 

* " DistinKuishinx between Petroleum Residuums and the Various Fat Pitrhes," Thf 
vtna/ysf. to, 3, 1917. 
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by blowing in live steam. The degreased Iwnies are then treated to extract 
the glue by again subjecting the bones to the action of live steam for a 
lengthy period under a pressure of 15 to 20 Ib. in an upright cylindrical 
l)oiler with a false Iwttom. The glue gradually leaches from the Inmes, the 
quantity extracted depending upon the duration of the trc'atment. When 
it is desired to convert the lK)nes into “ bone charcoal ” (uschI for the puri- 
fication of petroleum distillates and paraffine wax, as descrilxHl on p. 30S), 
only one-half of the gelatinous matter is extracted from the degrea-sed bones, 
whereupon the water is drained off and the Ixmes allowed to air-<lry. 'I'hey 
are then distilled destructively in horizontal cast-iron retorts, the distillate 
being condensed, and the permanent ga.ses consumed undiT the r(‘tort. 
The d'stillate consists of an alkaline aqueous liquor containing ammoniacal 
bodies, and a tarry layer known as “ bone tar,” ” l>one oil ” or “ Dippt'l oil.” 
The residue remaining in the retort, known as ” bone charcoal ” or ” animal 
charcoal ” is removed while still hot, and transferred to an air-light vess(‘l 
in which it is allowed to cool. It is then passcnl through grinding mills 
and sieved. The bone charcoal is (‘OiuihxsimI of approximat(‘ly It) jxt cent 
of carbon, 75 p(‘r cent of calcium pho.sphate, the balance (H)nsisting of 
various other mineral ingredients and moisture. 

The following yields are obtained: 

Ncm-coiidtMiHiiblc Kum*H 
AijiicoviH liquor 
Hone-far 
Bone ehiireoiil 

Total 

The hone tar floating on the surface of the a(|ueous liquor is drawn off. 
It consists of fatty substances derived from the fat which (‘scajH'd ex- 
traction from the bones, also derivative's of jwridine po.sst*ssing a most 
disagreeable and penetrating odor, and incidentally serving to distinguish 
it from all other tars. The characteri.stics ()f l)one tar arc included in 
Table XXXV, page 4S2. 

The aqueous liquor is distilled, and (he distillate caught in sulphuric acid to 
recover the ammonium compounds as ammonium sulphate. 1 he residue is used as 
a fertilizer. 

The Ijone tar is subjected to fractional distillation to recover the lione-tar pitch, 
the properties of which are also emlxKlicd in I able XXX\, page 4H2. 

Bone-txr pitch is intermediate in its physical properties lietwoen asphalU and the 
fatty-acid pitches. It is moderately susceptible to temperature changes, and on a 
par with higher grades of residual asphalta and inferior grades of fatty-acid pitches 
in ite weather-resisting properties. 

It is produced in comparatively smaU quantities and cannot therefore lie regarded 
as a commercial product. 


10 1.^% 
10 

2.'> lO'i 

r>r> <'*o':; 



PART IV 


MANUFACTURED PRODUCTS AND THEIR USES 


CHAFfEU XXIII 
METHODS OF BLENDING 

One of tlio most im|X)rtunt (luostions which confronts the bitiinionolo- 
gist is that of f)lon(liu(»: the various substances at his (lis{X)sal, to produce 
mixtures best adapted for the sixM-ial pur|K)s(‘s for whi(‘h they arc intended. 
This re(iuires an intimate knowhnlge of the nature and In'havior of the 
various mat(M’ials, and can only Ik* thoroughly ac(|uirtHl by y(‘ars of exp(‘ri- 
enc(‘. Two shipments of any given memb(*r of tlu* bituminous family are 
likely to fluctuate widely in their physical pr()|K*rties and com|X)sition, 
even when procun'd from tla* id(‘ntical source. A native bituminous 
substance emanating from the mnie (lefx)sit will vary, deix'iiding uix)n the 
degre(! of cxix)sur(‘ and amoimt of metaiiK)r|)hosis. It Inis been shown 
that all nativ(* bituminous materials an* in a constant state of transition, 
dep(*nding uix)n tlu'ir age and environment. Scarcely any two dejx)sits 
of native asphalt are alike in their ])rojX'rties or chemical composition. 
The same applies t-o |x*troleum, which vuri(*s in diffc'rent localities and very 
often in wells sid(* by side in the siunc* field. 

The pyrogenous bituminous materials also show a marked variation 
in their properties, dejx'uding upon the raw materials us(*d in their pro- 
duction and the exact conditions to which they have lK*en subj(‘cted in 
their process of manufacture, including the temix'rature, length of treat- 
ment, etc. 

Bituminous materials should not therefore lx* comparetl to vegetable 
and animal fats or oils, which in the cjise of any one material runs fairly 
uniform in comjxxsition and physical proixTties. 

The consistency of the available raw bituminous materials is either 
fixed and definite, or it is controllable. All native bituminous sulxstances 
have a predetermined consistency — in other words they are endowed by 
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nature with certain fixed and definite physical properties, and over which 
tnan has no control. On the other hand, the consistency of pyroj^enous 
biturninous substances, with three exceptions (i.e., wax tailings, tars and 
rosin pitch), is largely controllable, and d(‘|X‘nds u|H)n the treatineiU to 
which they are subjected in the course' of their production. In the ■majority 
of pyrogenous substances, it is a (‘oniparativeOy easy inatti'i* to alter their 
eonsistency at will, by regulating the duration of the* procc'ss, its teiniK'ra- 
ture, or some other condition. In the tlinr exceptions noted, the con- 
sistency is predeterniined, and has no definite bearing u|)on (lie variable 
functions of the pro(‘ess. 

Tallin XXIX will serve to give o general idea whether the hardm'ss and 
fusibility of the various bituminous .substances are definite or controllable, 
whether the substances are naturally .soft, m(‘dium or hard at room tem- 
])erature; also their approximate comparative' volatility, weatlu'r-iiroof 
protx^rties, and efficiency in fluxing. 

In interpreting Table .WIX, it should U* distinctly noted that the - Ibinine.ss 
at Hooni Temperature,’ “Volatility.” “Weatherproof I’rop.uties “ and “ Klheiencv 
in FluxinK” are listed in a cntHfKiratiir .sense, and must m>t therefore be reiciriled 
as a definite exposition of the ehanu-teristies of any substance, \sithout takmn 

into consideration the others cited 

In addition to the l.ituminous substances, then* are included three nicaips of non- 
bituminous substances commonly u.scd tor purposes of blemliim; vi/ , losui, animal 
and ve}<etable oils and fats, and wool urease 

In prcfiariiig mixtures of bitumiuou.s materials, the following points 

should U' borne in mind: .r . 

(1) Ifituminous materials which giv(‘ tin* dia/o reaction (h'st 41), 
(containiiiK phenols), shouhl not lie niix.sl wilh li.tinninons snlislnnees not 
civinK this reaetion. In other words, nalivi' asphalts, as))hallitesand pyro- 
Ronous a-sphalls shonid not !«• blende,! with b.rs or pibhes (ex.'epIniR 
fatty-aeid pitch), since it has lieen found by .•x|KTien,r that such mixtures, 
althouRh they may melt toRcther |Kuf<rtly, aie not -lurable or weather- 

''"’*(2) Native and pyroRcnous wax,-s will not r<■main iiermanently blend, >d 
with other bituminous materials, but will ,-ryslallix,' at low (,.m,x-ratur,.s, 
Rra,luallv sejmratiuR from .soli,l n.ixtuies on stamlniit. Tins mamf,-sU 
it«-lf by tlie wax “ sweatinR " from the surfa,-e. In ,,-rtam ,us<.s tins 
feature Ls desirable, since the mimixinre of a small ix,r,-ent,iRe of wax 
imparts wax-like properties to the entire eom|)ositi,m (see p. .M7). 

(3) Grahamito does not flux with native ,)r pyroRenous waxes, 
residual oHs derived from lam-a-sphaltie ix,aroleum, fa(ty-a,-id ptteh or 
wool grease. 
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Rarely used for blending. 

Used for imparting wax-like properties, 
an unctuous feel, or to lessen the 
tendency towards stickiness. 

Blend with one another, also with 
pyrogenous asphalts, asphaltites and 
fatty-acid pitches. 

Used to harden and raise the fusing- 
point of asphaluc mixtures. 

Same as for oxokerite and montan wax. 

Excellent flux for all bituminoua sub- 
stances, but not weatherproof. 

Rarely used for fluxing. 

Excellent flux for all asphaltic mix- 
tures, asphaltites f fatty-acid 

pitches. 

Excellent fluxes for all asphaltic mate- 
rials, all asphaltites ami fatty-acid 
pitches. 

Efficiency 

in 

Fluxing. 

G: good. 

F: fair. 

P: poor. 

0 ^ 

fcACL.c’’ o 2 oo 

U, (L. 

ills 

llli 

H; highly 
weather- 
proof 

W: weather- 
proof. 

M; moder- 
ately 
weather- 
proof. 

N- non- 
weather- 
proof. 

X 

M 

M 

W to H 

M to W to H 
.M to W to H 
W to H 

H 

X to M 

M 

M 

X to M 

N 

W to H 

W to H 

W to H 

Approximate 

Comparative 

Volatility. 

V: volatile. 

M: moder- 
ately 
volatile. 

X: non- 
volatile. 

^ oV: PI A A 

2l^>^ > 2 22 

,e, 

> 

a 

w ts 

S: soft. 
[<201* 

M: medium 
120-30] * 

H: hard 
l> 30].* 

CO co% 


D: definite. 

FC: fairly def- 
inite but con- 
trollable 
within nar- 
row limits 

IC: indefinite 
but con- 
trollable. 

IX: indefinite 
and non- 
controllabic 



i 

I 

a : 

o : 

X • 

S..: 

111 
e 1’ 

Ml 

• : ^ : : : : 1“ S? 

; gi ; ; i ?? 

: ; ; : 5 : : 8 a Ja 

M ; ■ ti ; : S ? |3 

: 1 I |t 

i ij ^ iii iJ 

• 0 8 *0 .<53- ^ 

I t 1 If 1 i £f| |l 

II 1 t 1 1 1 fl IJ 

C fie 1-.' C 


* Consisto meter hardness at 77* F. f Excepting grahamite. 
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(4) If the bituminous material contains a percentage of ^'nommineral 

matter insoluble in carlmi disulphide free carbon the act of flux- 
ing with other bituminous substances, rosin, animal or vcgetabio oils and 
fats will only dilute this ingredient, without eliminating it. The cal- 
culated proportion will still l)e present in the mixture. 

(5) The percentage of carlmm may be reduced by fluxing or blending, 
as the carl^enes themselves are fluxed by other bituminous substances, 
rosin, animal or vegetable oils and fats. 

(6) The thoroughness with which bituminous materials blend, may be 
ascertained by flnding the fusing-point of the components, and comparing 
the calculated fusing-point of the mixture with its actual fusing-point. 

If the actual fusing-point is equal to, or greater than the calculated fusing- 
point, then the blending has been thorough. On the other hand, if the 
actual fusing-point is less than the calculated fusing-point, then the com- 
ponents do not amalgamate thoroughly. 

(7) The microscopic test may also l)c used to good advantage to ascer- 
tain the thoroughness with which the components blend. A separation 
of particles in tlie mixture is evidence that perfect amalgamation does 
not occur. 

Where the hardness and fusibility of the bituminous substance are 
“ controllable,” it is often a simple matter to continue the distillation, 
blowing, dei>olymerization (in the case of wurtzilite asphalt), etc., until 
a product is obtained having the desired physical characteristics. Where 
conditions permit, it is more convenient and economical to turn out a prod- 
uct of exncllt/ the proper grade, than to flux or harden it afterwards. It 
is accordingly customary to market residual asphalts of exactly the right 
hardness and fusing-point for paving puri)oses, etc. Blown asphalts are 
similarly marketetl in various grailes, liaving different fusing-points (and 
hardne.sscs), so that the manufactui-er may pick out one lx?st adapted 
to his particular purjwse. (’oal-tar is likewise distilled to a predetermined 
extent to obtain pitches suitable for use as such in connection with water- 
proofing, roofing work, road purposes or briquette making, whichever 
the case may he. 

Binary Mixtures. It is not always possible to use a single bituminous 
material, since it is sometimes found that the exact characteristics required 
are lacking, and can only l^e obtained by blending together two or more 
substances in suitable proportions. The simplest mixtures, containing 
two constituents, are known as “ binary mixtures.” In this case it is a 
comparatively simple matter to predict wliat the characteristics of the 
finished product will be. 

The purpose of preparing a mixture is to soften the sul)Btance and lower 
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its fusing-point, to harden the substance ami raise its fusing-point to render 
the mixture less susceptible to temperature changes, effect a mote perfect 
union or blending of the constituents, improve its weatherproof properties, 
increase the tensile strength, render the mixture wax-like, or unctuous to 
the feel, lessen the tendency towards stickiness, etc. 

Softening the Suhstani^ and Lomring its Fusing^iwni This proofs is onlinnrily 
known as '' fluxing.” When the bituminous material as it orcurs naturally or re,M»lta 
from a manufacturing process is too hard in consistency or fustw at too high a tem- 
perature, it is customary to mix it with a softer sulwtaiu'e. termed a ” flux,” to impart 
the necessary characteristics. 'Fhe fluxes may 1)0 classifunl in three groups its follows: 


Owf-up 1 

For SofteninK Asphaltir 
Matonal.'t and .\sphaUitC8 


fioft native n.Hphalt 
|{p8idiial Dlls. 

Soft blown aKphnlt. 
Soft rosidual asphalt. 
Soft sludge asphalt. 


(Irui i> 11 

For Softening Pitrlifs 


Medium wood-tar pitch 
Medium iwat- and ligiiit(>-tur 
pitches 

Medium water-gaa-tnr pitch 
Medium o)l-gas-tar pitch 
.Medium eoal-tar pitch 
Medium bone-tar piteh 


(Jiiot H 111. 

I'aed Indiseriminately for 
SofOning Asphaltic Materi- 
als. As|)hHlliteH and Pitehra, 

Wn* tailings. 

Soft and rmnlium fiitty-aekl 
pitches.* 

Animal and vegetable oils and 
fats 

Wool grease.* 


* N»)t miitalile for fluxing gruhamiti’ 


The fluxes listed in Oroup II .should not Ik* used for softening asphalfie mate- 
rials and asphaltitcs, or those in CJroup { for .sofU*nitig pitches (excepting rosin- and 
fatty-acid [)itchp^), for reason.s already explained The fluxes listed in (Iroup III 
will answer satwfactorily for softening asphaltic products, nsphaltiles tind pilches, 
without injuring their weather-re.sisting qualities. 

Of Group I fluxes: residual oils, soft blown asphalt nn<I soft residtial asphalt 
arc ordinarily used, on account of their weather-resisting projKTties, their effi- 
ciency in fluxing, the absence of volatile constituents and their <ornparative ihenj)- 
ness. 

Of Group II fluxes: water-gna-tar piteh and oil-gas-tar pitch are ordimu’ily used 
for preparing ” cut-back ” coal-tar pitches for use as dust-laying oils, road siirfao- 
iiigs, etc,, as previously explained (p. ’251). 

Of Group in fluxes: animal and vegetable oils or fats arc most genendly em- 
ployed, owing to their abundance anti uniformity. They are only used in special 
cases (e.g. manufacturing certain bituminous paints, varnishes and japans, rublajr 
sulistitutes, coating compositions for high-grade prepared roofings, etc.), in view 
of their comparatively high price, although they are without question the fluxes 
par excellence for bituminous materials. 

Hardening the Substance and Rising its Fusing-jxnnt. Where the bituminous sub- 
stance is too soft for the purpose intended, it is customary to harden it by adding one 
or more of the following materials: 
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Qaopr I. 

For Hardening Aaphaltio 
MatariaU. 

Gnopp II. 

For Hardening Pitches. 

Group III. 

May be Used Indiscriminately 
for Hardening Asphaltic 
Materials or Pitches. 

Hard native aapbalt. 

Hard wood-tar pitch. 

Rosin pitch. 

Aflphaltites. 

Hard peat-and lignito-tar pitches. 

Rosin. 

Hard reaidusl asphalt. 

Hard water-gas-tar pitch. 

Hard fatty-acid pitch. 

Hard sludge asphalt. 

Hard oil-gaa-tar pitch. 

Fillers 

Hard wurtsilite asphalt. 

Hard coal-tar pitch. 

Hard bonc-tar pitch. 

Blowing with air. 

Combining with sulphur. 


Of Group I hardeners, hard native asphalts, hard residual jisphalts and aaphal- 
tites are most frequently used; and similarly of the Group J1 and Group III 
hardeners, hard coal-tar pitch and fillers rc8f)ectively, are most generally employed. 
The fillers may Ix) of vegetable or mineral origin, and will be discussed in greater 
detail later, (See p. 393.) It is not customary to harden bituminous mix- 
tures by blowing with air after they arc once prepareil, although this procedure 
would increase the hardness and particularly the fusing- jioint. All bituminous 8ul>- 
stances may be hardened by heating with a small percentage of sulphur (see p, 
294) after the manner of vulcanization in the rublx^r industry. 3'his is only used 
to a limited extent, owing to the difficulty of controlling the degree of hardening, 
alw because of the fact that it tends to reduce the ductility of the product. 

Rendering the Mixture Less Suscejitible to Temperature Changes. It is difficult 
to lay down any definite rules in this connection. In general, it may lie stated that 
the suitable addition of the following substances will tend to make mixtures more 
resistant to temperature changes, viz.: 

AiphaltitPS WurUilite asphsit. Aninml or veR/'t/ihlc oil.«) and fats. 

Blown wphalt. Fatty-acid pitch. FillcrH (nuiicTal and vcKCtablc) 

'Fhe first three, of course, should only l)e used in connection with asphaltic mix- 
tures, whereas the last throe are applicable either to asphaltic mixtures or pitches. 
Animal or vegetable oils and fats which have lx?en thickened or " boiled " by heat- 
ing to a high temperature until they polymerize, are more efficient in this respect 
than oils or fats in their crude state. The effect of mineral fillers is shown in 
Table XXX (p. 340). 

Effecting a More Perfect Union or Blending of the Con.'iiitiienls. At times the com- 
ponents of a bituminous mixture do not amalgamate thoroughly. This is detectctl 
by a lack of homogeneity (Test 2), i.e., by distributing the surface and observing 
whether it becomes duller, or else by drawing out a ijellet into a thin thread, and 
noting whether any dulling occurs. Certain fluxes when combined with the mixture, 
often in a small proportion, serve to overcome this tendency, and result in a more 
complete amalgamation of the components. Such fluxes in the approximate order of 
their efficiency are as follows; 

Rosin. Animal or vegotable oils and fnta. 

Roain pitch. Wax tailincs. 

It will be understood that these fluxes do not influence the percentage of non- 
mineral matter insoluble in carbon disulphide (free carbon), or any dullness due to 
^ia constituent. 
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Making the Mixture More Weatherproof. Thia is another question which can* 
not be decided by any hard and hxed rules, as it depends largely upoii what 
materials are present in the mixture, and how badly it may lack weatherproof 
qualities. There may be cases where the bituminous substance is so deficient in 
weatherproof properties that it would be impracticable to attempt improving it, on 
account of the extremely large proportion of material which would have to be 
added to overcome this defect. In general, it may be stated that the addition 
of the following products tends to overcome the non-wcatheiproof properties of 
bituininoiis mixtures: 


Grolp I. 

For Augmenting the Weatherproof Properties 
of Asphaltic Materials Only, 

Group II. 

For Augmenting the Weatherproof Properties 
of Pitches as Well as AsphalUo Materials 

Asphaltitos. 

Animal or vegetable oils and fats. 

Certain native asphalts. 

Wool grease. 

Certain residual oils. 

Fillers (mineral snly). 

Blown asphalt. 


Wurtsilite asphalt. 


Certain fatty-acid pitches. 



Of the products included in Group I, the asphaltites, wurtzilito asphalt and 
certain fatty acid pitches (of the saponifiable type) will most effectively improve 
the weather-resisting properties of the mixture, due to the fact that these mate- 
rials of themselves are highly weatherproof. Among the asphaltites, gmhamite is 
most' weather-resisting, gilsonite and glance pitch ranging next in efficiency and 
being about equal in this respect. Wurtzilite asphalt is extremely weatherproof, 
and the same also applies to the saponifiable varieties of fatty-acid pitch Only 
certain native asphalts and residual oils are includwi in this category, for it is 
impossible to lay down any definite rules to differentiate between the non-weafher- 
proof and weatherproof varieties, since this can only l)e determined as the result 
of experience or by an actual exposure test. The physical and chemical tests fail 
to determine definitely whether a native asphalt or residual oil wiM display the 
optimum weather-resistance in actual service. Certain tests (e g , large percentages 
of volatile matter and non-mineral constituents insoluble in carbon disulphide), 
may definitely pronounce the material to lx* non-weatherproof, but if these, by 
chance, prove negative, the court of final appeal is an actual exposure test under 
service conditions. 

Both fluxes enumerated under Group II are equally efficient from the stand- 
point of weather-resistance, although the first named is superior in its fluxing 
properties. Mineral fillers when added in a finely divided state, or in the form of 
graded particles proportioned to show the minimum porcentage of voids (p. 363) 
tend to improve the weather-resistance of all bituminous substances. Those fillers 
which are impermeable to light are most efficient in this respect (p. 393). The 
same rules apply in this connection, as with mineral pigments in linseed oil paints.^ 

Increasing the Tensile Strength of Bituminous Mixtures. For some purposes 
it is important that a bituminous mixture shall have the ma x imum tensile strength, 

‘ “ Physical Characterirtic* of s Paint Coatinf," by R. 8. Perry, Am. Inst, of Arohitoets. If ichi* 
fan Chapter. Jun. 4. 1007. 
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to enable it to withetand the stresses and strains to which it may be subjected 
in usage. This is of special importance in the case of certain forms of bituminous 
pavements. Two general methods are used for the purpose, viz.: 

(1) Incorporating mineral fillers. 

(2) Increasing the hardness, by blending with harder bituminous substances 
(p. 343). 

The ‘effect of mineral fillers on the physical characteristics is illustrated in the 
following figures, based on the mixtures of a straight-run residual Mexican asphalt 
with 0, 16, 30, 45 and 60 per cent of precipitated calcium carbonate. 


T.\nLK xx.\ 


8oft ronulaal asphalt 

my/c 


70'f 


40' ; 

Prt'cipitatod caloiuni carbonate 

O'o 


30Vc 

4.5';; 

00' < 

(Test 9c) ('onsistoricy at 11.5® K, 

0 0 

0 0 

0 0 

3 1 


ConsiHtency at 77° F 

3 1 

4 t» 

ti .5 

13 9 


fonsiHteivcy at :i2° F 

IS 4 

22 2 

24 ] 

30 4 


(Test 9d) .SuMceptihihty (actor 

19 S 

22 ti 

19 .5 

14 ,5 


(Test lOA) Ductility at 11.5° F 

14 

13 

10 

■' 


Ductility at 77° F 

40 

31 

13 

0 0 


Ductility nt :12° F 

2 7 

2 t) 

0 H 

0 .5 


(Test 11) Toiisdc strength at 11.5° F 

0 0 

0 0 

0 0 

0 3 


Teii'^ilc strciiKtli at 77° F 

0 4 

1 1 

1 7 

2 4 


Tensile stouiath at H2° F 

.5 .5 

7 .5 

9 .5 

13 0 


(Test Iflo) FiiMiiiK-point (K and .S method) 

93° F 

9S° F 

10(1° F 

1(13° F 


(Test IRb) FusuiK-point (B. and B nietluMl) 

110° F 

M.5° F 

12t° F 

\HH^ 1‘ 


Medium residual asphalt 

ItK)' ; 

.S.5' ; 

70' ; 


iH' ; 

Precipitated calcium carbonate 

O' (' 

l.5< , 


1,5',' 

00', 

(Test 9c) ronsistency at 11.5° F 

2 I 

2 7 


13 (. 

17 1 

Consi.stency at 77° F 

10 0 

12 1 

1 7 0.5 

20 2 

30 0 

Consistenev nt :i2° F. 

17 3 

,51 9 

{ .54 ;i 

00 9 

SO 1 

(Test Od) .‘Susceptibility factor 

3.S 2 

:19 7 

3.5 9 

2K 0 

20 2 

(Test 101)) Ductility at 11.5° F 

27 

22 

11 

0 S 


Ductility nt 77° F 

i .3.H 

13 

1 1 1 

0 2.5 


Ductility at 32° F 

0 0 

0 2 

n 1 

0 0 

, 

(Test ll) Tousilo strciiftth at 11.5° F 

0 0 

0 2 

0 H 

1 ,S 

, 

Tensile strciiKth at 77° F 

1 i\ 

2 2 1 

4 3 

0 7 

« 

Tensile strenuth at .‘12° F. 

!t t* 

11 0 

20 .5 i 

27 2 

, 

(Test Ifld) Fu.sing-point (K. and .S method) 

iis° r 

124° F. 

' 1.3.5° F 

190° F 

212° F 

(Test \lih) FusinR-point (B. and R inetliod) 

i l.{il° F 

1 1.5° F 

1.58° h 

210" F 

209° F 


* Does ii(»t How when lioatcd 


It will Iw noted that the fusing-point, hnrdnc.ss, and tensile .strength inerea.se, 
whereas the susceptibility factor and ductility decrea.so in proportion to the fjuarititv 
of filler added. When the i)erc(*ntage of filler is sufficient to de.^troy the fluiditv of 
the mixture, as in the case of the surface I'ourse of sheet a.sphalt pavements 
(where the filler exceeds 80 i)cr cent by weight), the physical projierties of the nii\- 
ture depend largely ujwn the pressure to which the ma.ss has licen suhji'cted. 
The greater the compression, the greater will Im? the hardness, tensile strtmgth and 
density. 

The tensile strength of a soft bituminous mixture increases to a certain jHiint 
upon being blended with Iinnler bituininnus substance.^, but these have a ton- 
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dency to reduce the strength, wlien the mixture reaches the hard and brittle sttige 
(see Fiildc XXVT, p. 3(X)). 

Rendering Wai-like, Vnetuous to the Feel, or LesHeniug the Tendencg toimnli* 
Stickineas. For certain punwscs, it is desimble to impart the foregoing jvoi>erties 
lo bituminous mixtures, es})e(‘ially in manufacturing insulating ('om|xMmds, rul>l)er 
substitutes, coating compositions for papers, etc. The addition of a simdl tx*r- 
centage of the following waxes (usually less than 10-15 jier cent) will'sei^'e to 
accomplish thus result: 

Oiokrrite MonOin wax P\ rog«‘nou# waxo* 


These will not amalgamate iiermanently with bituminous materials, but will 
ANork their \\ay to the surface m time, forming a thin waxy film which will naxlify 
tli(‘ characteristics of the mixture, imparting certain of the physical pro|K‘rties of 
\sa\es. In the case of o/okerite and pyrogenoiis waxes only a small iVn-entago 
f-lioiild be added, otherwise the sejiaration will lie suHicienlly great to destmy the 
integrity of the mixture. Montan wax mav Ik* added in large (luantities. as it con- 
stitutes a lietter flux and shows but a slight tendency towards si'paration 


Tertiary and Complex Mixtures. In iIk' liw' of l)iniiry mixtures, the 
cliaraeteristies of the lilended product may l>e predicted with a reasoiiahte 
dej-ree of certainty, lait witii tertiary or (|uateriiary mixtures this is , 
extremely difficult, and in many cases ini|si.s.sihle to do, even hy one 
hinhly .skilled in the art. We must hear in mind that the native asphalts, 
for example, occur in hundreds of varieties, each dilTerinK in certain 
resix'cts from tlu- otheis, or lusone authority on the subject aptly cxpre.sses 
it- " N'o two de[K)sits of native asphalt or petroleum on the fine of the 
earth are exactly alike." Similarly, blown asphalts, residual asphalts, 
coal-tar pitches, etc., are priHlnced in hundreds of forms, de|saidinK uiion 
the nature of the crude materials, the tempiaatnre to whh h they have Isa-n 
snbiected, the length of blowimi, the duration of the distillation proce.ss, 
and' niaiiv other factors. 'Uns.' result in the pnalmdion of a whole ^ries 
of priKlucts from anv particular raw material, vaoinfc in fn.sibihlys hard- 
ness and other physical and chemi.al ch«ract.;ristics. Sima' each class 
of raw material is available in hundnxis of varieties, it will lie apparent 
that the nuinlH>r of pos.sible combinations in tertiary mixtures is iidinite 
In color matching, a Riven shade may Is- prmliiced m a do/a-n ilifferent 
w.avs, each .startiiiR with totally different colors, and similarly a Riven 
bituminous .substanei may Ik- .•xadly duplicated in pliysica characteri.^ 
tics (i.c., fiisiiiR-iroint, hardness, ihielilily, tensile stren^h, volatility etc,) 
by numerous mixtures, each containinR diHere.U combinations of ,l,Jkrcr,t 

rnatcrialH. . . • t 

The only way to match a given bituminous substance is t.y the lut 

and trv methorl.” This applies with more force when it comes to tertiary 
ami complex mixtures. To exactly dupli.'ate a complex bituminous 
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mixture is one of the most difficult and at the same time one of the most 
facinating problems in bituminology. At the present stage of the scienr(>, 
a chemical analysis of the material to be duplicated will tell nothing. It 
is only an intimate knowledge of the physical properties of the available 
bituminous raw materials, and an inference of their behavior in combina- 
tions, that will assist the expert in synthesizing a mixture having substan- 
tially the same properties as the one to be duplicated. 

The problem is made still more complicated by the fact that although 
we may apparently 8uc(;eed in duplicating the physical properties of a 
given bituminous mixture, yet there is no way of telling other than from 
an actual service test whether or not it will k'have the same on aging or 
upon exposure to the elements. No “ accelerated ” test is known by which 
this may be accurately predetermined. 

Classes of Bituminous Mixtures. Bituminous sul>et{inces and their mixtures 
may be roughly divided into three geiierul elaasc.s, ehaructenzed by being “.soft,” 
“ medium ” and “ hard “ at room temperature. The following table will show 
which of the commercial products belong to the re.spcctive classes: 


So/t (liquid) Bituminous Products’ 

DuHt-laying oils. 

BindiTH for roH<i Hurfacings. 

Impregnation for wooden paving blocks, railroad ties, etc 
Tara and oils for the flotation procenH 

Saturating coinponiids for prepared roofing, flooring, waterproofing, slieathing and insulating 
papers, electrical insulating tape, etc. 

Waterproofing compounds for Porllaiid-cemcnt morinr and conrrefe 
Medium (scmi-liquui to scmt-solid) BUumtnous Produ<l-< 

Binders for bituminous surfacings, hituminouH macadaiii and bitiiminoiis concrete pn\enient.s 
Asphaltic eement for sheet asphalt pavements, asphall-bloek pavements and asiihalt miustic 
foot-pavements and floors 
Fillers for wood, brick and stone pavements 
Bituminous expansion jotiifM. 

Coatings for prepared roofing, flooring, waterproofing, .sheathing ned in.siilatiiig papers 
Adhesive eompounda for built-up roofing and wateriiroofuig work, bases of plastie eonipounds 
for repairing roofs, etc 
IMpe-dips and pipe-sealing compounds 
Electrical insulating compounds. 

Rubber substitutes and fillers. 

Moulding compounds. 

Bases of bituminous paints and cements 
Hard (solid) Bituminous Products. 

Certain forms of electrical insulating eompounda. 

Moulding compounds. 

Binders for brniuettes, 

Certain forms of pipe dips 

Bases of varnishes, enamels, japans and certain bituminous paints. 

Processes of Blending Bituminous Substances. The types of apparatus 
for this purpose fall into two groups, viz. : 

(1) Open vessels of semi-eylindrieal or reetangular form, as deserilx'd 
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for dehydrating semi-solid and solid native bituminous substances (Chap- 
ter VI). 

(2) Closed horizontal cylindrical vessels provided with an agitator 
in the form of a horizontal shaft carrying short stout blades or paddles 
usually s(‘t at an angle. This type* is mounted on a masonry foundation 
over a solid or perforated fire-brick arch, and the h(‘ating effected by burn- 
ing coal or. gas underneath it. The vessel is provided with a manhole 
at the top, through which the bituminous substances are chargetl, and 
closed with a cap during the melting process to keep out air and pivvent 
the vapors from igniting. 

The first tyi)e is used where the bituminous substance is heated Indow 
the flasli-})oint of the constituent flashing at the lowest temperature, and 
the second where it is neces.sarv or d(‘sirable to heat the mass alx)ve th(‘ 
fiash-j^)int. Since the mass (‘an saf(‘ly 1 h‘ heat(‘d in the sec'ond tyix' to 
higher tem{K'ratures and agitat(‘d at a grc'ater s]xhh1 without danger of the 
melted mixture splashing out of the v(‘.s.m‘I, it follows that with its us(* the 
pi;oc('ss of amalgamation will tak(‘ place more rapidly. 

The (l('hy(lrat('d bituminous substance's are intrcKiuced into the medting- 
tank, pr('f('rably in the melt('d condition, (‘ither by gravity or by means of 
pumps. Where' this is not practical, as with high fusing-ix)int pnxlucts, 
such as the asphalt it('s or native' asphalts cemtaining a large iH'rci'iitage' of 
mineral matter, they may Ix' added cold in the solid state', but in this ca,se‘ 
it take's longer to melt up the' charge. 

d'he higln'r the temix'rature* to which the materials are* he'ated, the' 
more' rajiivlly will the' comleination take place. It is not ne'cessary, or 
in fact ele'sirable to raise' the' he'at to the' fusing-i)oint of the* ingre'dients 
melting at the higlu'st t('ni|K‘rature', as the*se' will Ih* elissolve'd by the con- 
stituents fusing at lowe'i* te-min'ratiire's, ehie to the*ir inherent Holvevt 
action combine'el with me'chanie'al agitation. Thu.s, a grahamite fusing 
at 550 to 575° \\ (K. and S. method) will iraelily combine with mixed- 
ba.se' or asphaltic re'sidual oils brought to a te'mjM'ratnre e)f 4(K)° F., par- 
ticularly if the mixture is kept we'll agitate'd. The grahamite should be 
introduce’d in the form of lumps alHiut the' size* of hickory nuts, in pre*fer- 
ence to a fine jMewde'r, as the latte'r will sinte'r teige'ther if the charge; is not 
agitate'd, and in addition will make' it dilTicult to tell when the amalgama- 
tion is coinple'te'd. 


Great rare whoeild l)e takeai not to overheat bituminoew snlwtaneeH, m they are; 
all affected either by a prolejnged he'at mg at a niexlerately high temperature, or 
uf)on subjecting to a conipanitively high tcnifK*rature for a short time. There are 
no general rules regarding the liehavior of bituminous sul>Rtancc8 under the influ- 
ence of heat. Each will act differently, and resiBt heat to a ^ater or leaaer decree. 
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It 18 rarely safe to raise the temperature higher than 450-mr F. in any of th 
manufacturing processes involving the use of bituminous substances.' Overheati ^ 
will manifest itself by: 

(1) Increasing the specific gravity, viscosity, hardness and consistency, fming. 
point, Hash-point, burning-point, non-mineral matter insoluble in carbon disulphide 
and carhenes. 

(2) Decreasing the ductility, volatile matter, solubility in carbon disulphide and 
in SH° petroleum naphtha. 

On Huxing native asphalts carrying a sulkstantial percentage of mineral matter, 
it is important to keep the mass well agitated, otherwise the mincra] matter will 
■settle out and carlxynizc ag.ain.st the l)otto/n of the tank, retarding the ingress of 
heat, and eau.sing the fx)ttom plates to burn out rajadly 

When the mixture i.s to lie heated to a high tenifieraturo for other than a com- 
paratively short time, it is inadvisable to alToct the agitation by means of air, as 
this will increase the fusing-|)oint in the same manner as in the production ol 
“ blown asfihalts ” (see p. 287). Mechanical stirrers or dry steam jets are prefer- 
able umler these conditions. 

Apparatus for I ucorporatiim Fillers. As fdhu’s are addinl after th(‘ bitu- 
minous mixture has Ixjen dehydrated and fluxed to tlic proix'r eonsistoiuy, 
a steam-heated mixing apparatus of small eapa<’ity is best adajded for the 
purpose, eonstruettd to mix the cha’ge with great rapidity. Two forms 
of stoam-jacketed agitators providixl with mechanical mixers are used, 
viz.: 

(1) A rectangular tank with a somi-eylindrical .steam-jacketed bottom, 
commonly provided with two horizontal shafts levolving in opposite' 
directions, each carrying two sets of short strong blades or paddles .'^et at 
different angles, to work the bituminous mixtui’e from the (‘luls of the 
vessel towards the centre. The completed mixture is discliarged from the 
bottom through a |)ower o|x*ratod slide-valv^* (see Fig. 117). 

(2) A vertical ve,s.scl of cylindrical form provided with a steam-ja(*keted 
semi circular bottom, enclosing a vertical shaft carrying blades, geaied 
to an auxiliary shaft, offset at o?ie end and })rovided with smaller blades 
which revolve within the larger ones. The principle of this type is similar 
to that of a common “ egg-ln^ater.” The inner shell is cast from a single 
piece of metal to avoid danger of leakage. This form of ap[)aiatus is 
intended only to mix in such (|uantities of fillers as will not destroy the 
fluidity of the mixture or prevent it rliscLarging by gravity through a six)ut 
at the bottom. When fillers are used such as silica, earth-colors, or the 
like, mixtures can be prepared containing 60 to 05 per cent of the mineral 
constituents. 

When it is desired U) incorporate light vegetable fillers, such as cork, wood- 
flour, or fibres, a type of mixture may be used similar to the foregoing but mounted 


*'*£^001 of Ovfrhoaling Asphalts," C. J. Frankfurter, J. Ind Eng Chem., t, 239, 1910. 
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on trunnions, so that aftor the inixinR is complete, the entire apparatus may be 
tipiKKi bodily, and the contents hoet! over the rim while the man is hot An 
a[)paratus of this tyi)e is illustrated in Fig. 116. 

Emulsification. In yi)ocial cases it is desirable tx> emulsify liquid to 
s(*tni-liquid bituminous materials with water. The emulsification is 
brought alK)ut through the intervention of the following clas.seH of sub- 
stances: Water-soluble soaps, alkalies, alkaline earths, sodium silicate, 



O.urt.wv of J H. Day * Co. 

Fkj. 1 Hi — Mi\cr tor liMorjHiiMting liurgc IVncntagcs of Killers in .Asphalt. 

cert.'iiii mineral oxides, plastic clay, (ar distillates including pyridine bases, 
starchy materials, water-solubl(‘ gums, Irish moss, sulphonated oils, 
casein, molasses residues, etc. (s(‘c p. 354). 

The rmulsifi(;ation is ofTocted cold. If a lujuul produH is to tx* obtainc<i, tho 
bituminous material and water eontaming Itie emulsifying agent are mixed in a 
suitable apparatus provided with a meehanie.al stirring device. If the pnxluet is to 
Ik* prfxluced in pa.ste form, the emulsifieation is brought alxait in a “rnastieator," 
or a “ pug-mill ” (otherwise known as a “ chaser or ehilean mill in which 
nieehanieal agitation is coupled with a certain amount of grinding or IrituratioQ 
(see p. 45y). 


CHAPTER XXIV 


BITUMINOUS PAVING MATERIALS 

Bituminous materials for coiistruoting pavements may l)e classified 
into the following groups, depending upon the specific purpose for which 
they arc to be employed, viz. : 

(1) Bituminous dust-laying oils. 

(2) Bituminous 'surfacings. 

(3) Bituminous macadam. 

(4) Bituminous concrete pavements. 

(5) Sheet-^usphalt pavements. 

(6) Asphalt-block pavements. 

(7) Asphalt mastic floorings. 

(8) Bituminized wood-block pavements. 

(9) Bituminous fillers for wood, brick and stone-block pavements. 

(10) Bituminous ei^pan^jon joints. 

These will be discussed in greater detail later.' 

The bituminous raw materials commonly employed for the alxiVG 
purposes embrace the following: 

Crude petroleums. 

Native asphalts. 

Residual oils. 

Residual asphalts. 

Blown petroleum asphalts. 

Asphaltites. 

Refined water-gas tar and water-gas-tar pitch. 

‘ Refined oil-gas tar and oil-gas-tar pitch. 

' ^ Refined gas-works coal tar and gas-works coal-tar pitch. 

Refined coke-oven coal tar and coke-oven coal-tar pitch. 

•"City Roads and Pavements,” by W. P. Judaon, N. Y., 1907; " Road Preservation and Dust 
Prevention,” by W. P. Judaon, N. Y. and Ix)ndon, 1908; ” The Modern Asphalt Pavement," 
by Clifford Riohardeon, N. Y., 1908; "Street Pavements and Paving Materials,” by Oto, W. 
’nilson, lat Edition. New York, 1908; " Dust Preventatives and Binders,” by PKvost Hubbard, 
lit Edition, N. Y., 1910; " Asphalt Construction lor Pavements and Highways,” by Clifford Hieh- 
ardion,. 1st Edition, New York, 1913; " Text Book on Highway Engineering," by A. H. Blanchard 
and H. B. Drowne, 1st Edition, N. Y.. 1914; "The Construction of Roads and Pavements,” 
^ T. R. Am. 1st Edition, N. Y,. 1916. 
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These may be used either singly or in various combinations. In 
special cases distillates are used, including the heavy petroleum distillates 
for manufacturing dust-laying oils, and tar-distillates for impregnating 
wood blocks. 

Bituminous materials are used without other additions in the form of 
bituminous dust-laying oils, fillers for wood, brick or stone pavements 
and in certain forms of expansion joints; and they are used in admixture 
with mineral aggregate for constructing bituminous siu^acings, bitu- 
minous macadam, bituminous concrete pavenionts, sheet asphalt pave- 
ments, asphalt-block pavements, asphalt mastic flooring and certain 
expansion joints. They are also used in combination with wood for 
manufiu'turing bitiiminized wo(Kl-blo(‘k pavements; with felted fabric 
in forming certain bituminous expansion joints; and in some (‘as(‘s emul- 
sifunl with water for preparing du.st-laying oils, and bituminous cements 
to 1 k' us('d cold. 

Bituminous Dust-laying Oils. Dust-laying oils are also dc'signated 
“diLst preventatives ” or “du.st palliatives.” They are usuajly liquid 
at r(H)m temp('rature and are julapti'd for u.se without heating, on earth, 
graval or macadam roads, for tem|K)rarily resisting th(‘ formation and 
dis|X‘rsion of dust under traffic* conditions. Dust-laying oils may idther 
In' luscd as such, or in an emulsifi(‘d state with water, and aie applnnl 
to the roiui, preferably after removing the* loose* particles of dust, by any 
suitable form of sprinkling or spraying d(‘vic(*, Jis for example an ordinary 
watering cart. 

The function of the dust-laying oil is twofold, namely, to prevent the 
disjx'i'sion of dust already form(*d, and retard tlu* formation of additional 
particle^s under the attrition of traffic. The saturating, adhesive or bidding 
properties of the oil accomplish these* results. At lH‘st the; effect of dust- 
laying oils is temiK)rary, and tlK*y must ace*orelingly Ik* re*new(*<l from time 
to time, usually twice during the* first se*a.se)n, and onee each year there- 
after, assuming that the traffic conditions are not abneirmally severe. 

Bituminous Materials Used. The feilleiwing products are employed 
for this purpose: 

(1) Crude ijetroleums of mixed-ba^ and aaphaltic nature. 

(2) Heavy petroleum distilLtes. 

(3) Residual oils. 

(4) Cut-back residual osphalU. 

(5) Ga«-work.s coal tar. 

(6) Coke-oven coal tar. 

(7) Cut-back pitches. 

(8) Water-gas tar (rarely). 

(9) Oil-gas tar (rarely). 
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Bitumirums Emulsions, It is sometimes customary to use the prod- 
ucts with water in the form of an emulsion, obtained by mechanical or 
chemical means. Emulsions, on account of their greater fluidity, have 
the advantage of being applied more cheaply than untreated oils or tars, 
thus enabling them to be spread on the road without the use of a special 
form of apparatus. In addition, they are ab8orl)ed more rapidly by the 
road surface, and obviate the necessary of interfering with traffic while 
applied, or the annoyance of having the oil tracked about by pedestrians, 
as often proves the case when crude petroleums or tars are used. 

Mechanical emulsions are obtained by mixing the oil (usually crude 
petroleum, heavy petroleum distillates or residual oil) with a suitable quan- 
tity of water, by a mechanical contrivance, just as it is about to be sprayed 
on the road, as for example by means of a rapidly revolving set of blades. 
Oils having a specific gravity approximating that of water will answer best 
for this purpose. 

The following chemical agents have also been used for emulsifying the dust- 
l.iying oils, viz.: 

(1) Soaps prepared from animal or vegetable oils and fats, which when combined 
with petroleum, residual oils or tars will en.ablc them to l)ccome emulsified with 
water. One formula consists in emulsifying the asphalt with oleic acid and am- 
monia,' another in dissolving 20-25 lb. of common soap m the smallest quantity of 
hot water (40-50 gal.), and then mixing it with 100 gal. of asphalt Rosin or rosm 
oil soap may also lie used.* 

(2) Alkalies, including ammonia, caustic or carbonated .soda or pota.sh, borav, 
slaked lime, etc., will give satisfactory results with tirs containing jihenolic Ixidies, 
due to the resulting combination acting as an emulsifier. 

(3) The addition of a small percentage of certain alkaline bases including pyri- 
dine, piccolin or quinolin, will emulsify residual oil, crude jietroJeum or tar.® 

(4) Small percentages of colloidal vegetable or animal substances, such as 
saponin, glue, gums, pectin substances, vegetable mucilages,* sulphite liquors, waste 
molasses liquors*, starch paste, Irish moss* and other glutinous sulxstances di.ssolved 
in water. The addition of a small pro|x)rtion of these substances to the oils or tars 
with or without the addition of soaps, will enable them to emulsify with water. 

(5) A paste made up of colloidal mineral substances, such as metallic oxides, 
silicates, hydroxides, clay,* sodium silicate (“water glass”).* 

I U. 8. Pata. 992,313 of Mty 10, 1911 to L. 8. van Wostrum; also 908,691 of Jul 25, 1911 to 
H. R. KaMon and 8 8. 8axton. 

* Gw. Pata. 248,084 of Doc. 6. 1909 and 248,793 of Mar 17, 1910 to Rt inhold Wallbaum. 

U. 8. Pata. 1,268.103 of Mar. 5, 1918 and 1.259.223 of Mar 12. 1918, both to W M Fraaw 

•U. 8. Pat. 884,878 of Apr. *14. 1908 to J. P Van dor Ploog. 

« U. 8. Pat. 834,830 of Oct 30, 1906 to Karl Mann. 

* ** Dust Preventativw and Road Bindera." Hubbard, p. 100 

« U. 8. Pat. 943,667 of Deo. 21, 1909 to Carlcton Ellis 

» F. Raaohig, J. Soc. Chtm. Ind., M. 758, 1910; U. 8 Pat 1.240,253 of Sop la 1917. to M A 

Popkesa. 

*U. 9. Pat. 980,513 of Jan. 3, 1911 to Robert Hacking 
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(6) Sulphonated vegetable oils such aa “turkey ret! oil.”* 

(7) Soda sludge obtained from oil-refining works (see page 213). 

(8) By means of soluble casein solutions.* 

Emulsions are usually marketed under various proprietary names, 
the exact composition being carefully guarded as “trade secrets." and 
recommended to be mixed with water, in proportions ranging from 10 to 
30 per cent. It is obvious, howev(*r, that the snjaller the pert‘entage of 
bituminous matter present, the less the efficiency of the ctnulsion as a 
dust-laying medium, and the more often it must l^e renewed. The use 
of emulsions is attendant with the following disadvantages: They are 
usually applied in such weak solutiops that their efficiency is impainnl; 
the water pre.^ent in the emulsion has no value from the view-point of 
dust-laying and nece.ssitates the purchaser paying freight on this inactive 
ingredient ; and further, emulsions prepared from rt'sidual oils derived from 
non-asphaltic and mixed-base ]K'troleums ar^ very apt to wash off the road 
upon l)eing subjected to the action of rain or snow combined with th(‘ 
mechanical grinding under the wheels of traffic. 

Non-emulftified Products. Non-ernulsified oils and tars are usually 
less expensive in the long run. They are generally applied cold, but in 
certain cases, and particularly during cold weather, U'tter results may U' 
obtained by sprinkling them on the road in a heated .state. The l)est 
practice necessitates using from i to \ gal. f)er .s(piare yard, deix*nding upon 
the nature of the road, the (juantity of dust in situ, and whether or not the 
road has been oiled previously. On a roaci oiled at regular intervals, 
0.1 to 0.2 gal. per s(piare yard is sufficient after the irntial application. 
The surface should then l)e .sprinkled lightly with sand, using a cubic 
yard for every 75 to 125 s(|. yd. of surface, to prevent the oil l)eing tracked 
about by pedestrians and vehicles. A longer period should Ik* given 
the oil to soak into gravel or macadam roads since they are denser and 
less porous than dirt roads. P or the same reason, tlie oil must Ik* applied 
with great care to provide a uniform distribution, and to prev<*nt it 
accumulating in “p(K)ls.“ 

Non-asphaltic [x’troleum.s and their reskhial oils are not looked upon 
with favor, owing to their deficiem-y in “binding” properties. Mixed- 
base* i)etroleums and th(‘ir residual (»ils give l)etter results, but they are not 
regarded as ecpial to the asphaltic petroleums and their residual oils. In 
general residual oils give })etter re.sults than cnide petroleums, since they 
are more “ concentrated.” It is still an uridecid(*d matter whether, other 

* U S Pa»a 931..'i20 of .'lug 17, IfMW to Jiilm* StockhauiK-n. 90S.09I of Jul 2.'i, lUlI to H II 
Knnfton and S S Saxton 

> Gcr Pat 240, 4S2 i4 Mav 1. lOlO to Aklii ii|r«’iM llf< haft fUr Apj.haltu'rung nnd l)arlib*v|i-kun« 
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things being equal, petroleum products or “ tars ” are preferable, and much 
may be said on both sides of the question. Cut-back residual asphalts 
and cut-back pitches have also been largely used. They have many 
advantages, and among others, the fact that they set up rapidly when 
applied to the road, and the residue is apt to have better “ binding ” prop- 
erties than would be the case if the corresponding crude or straight dis- 
tilled products were used. 

General Considerations. The following precautions should be followed to get the 
best results: 

1. All the loose dust should be removed from the road before applying the dust- 
laying oil. 

2. The road should be thoroughly dry and the oil applied preferably on a warm 
sunny day, or if this is not possible, the oil should be heated slightly l^efore it is 
spread. 

3. The oil should be allowed to soak into the road thoroughly before reojiening 
it to traffic. 

4. The oil should not be too viscous, othen\'iso it will fail to penetrate proi> 
erly. Best results are obtained with oils having a specific! viscosity (on the the 
first 50 c.c.) when tested with the Kngler viscosimeter (Test 8f/) at 77° F, as follows; 

(o) Petroleum products for use as dust palliatives (i.e., three to four applications 
per year at intervals), less than 10. 

(6) Petroleum products for use as road oils to be applied cold (i.e., two ap[)li- 
cations per year, intended to liuild up a bituminous surface), 80-120. 

(c) Refined tars for use lus dust pdli itive.s, 8 b't 

id) Refined tars for use us ro.id oils to lie ufiplicd cold, 25-35. 

(e) Refined tars for cold pat(!hmg, 40-70. 

6. If the oil contains an excess ol volatile matter, too much will eventually l)e 
dissipated through evufwration to enable the re.sidue to fulfil its function efficiently. 
The volatile matter at 325° F. m 5 hours shoul I not exceed 30 jier cent in the ca.se of 
petroleum products, nor must the residue appear “ grea.sy." 'I'he greater its adhe- 
sive qualities and tensile strength (“ coinentitiousness ”) at 77° F. (Test 11), the 
more efficiently will the original oil bind together the dust particles. Tar products 
on distillation (lost 20) should yield the following {lercentages of distillate; 

(o) Refined tars for use as dust palli.atives; to 170° C. le.ss than 5 per cent; 
to 270° C. less than 30 per cent; to 300° C. less than 40 per cent. 

(6) Refined tars for use as road oils to lie applied cold: to 170° C. leas than 2 
per cent; to 270° C. less than 25 per cent; to 300° C. leas than 35 per cent. 

(c) Refined tars for cold patching: to 170° C. more than 2 per cent; to 270° C. 

15-25 per cent; to 300° C. less than 30 |ier cent. 

6. Petroleum products .should show not exceeding 1 jx’r cent non-rnineral 

matter insoluble in carlion disulphide; refined tars for use as dust palliatives or as 
road oils to be applied cold, not more than 10 per cent free carl)on (Test 31); and 

refined tars for cold patching, not exceeding 20 per cent free carl)on. 

7 . The dust-laying oil should not show a tendency to emulsify when subjected 
continuously to the action of moisture or upon being ground up in the form of a 
paste with the dust or mud generated by traffic. Certain oils and especially those 
prepared from non-asphaltio or mixed-base petroleums are apt to become miscible 
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with water under these conditions, and wash away from the surface of the rotwl. 
The product may be tested for this defect by grinding the residue remaining after 
the volatility test in a morbir with an equal weight of colloidjil clay made into a 
paste with water, and observing whether any emulsification takes place. 

Bituminous Surfacings. A bituminous surfacing consists of. a layer 
of appreciable thickness constructed on top of a newly prepai-ed or an old 
roadway, by the application of one or more coats of bituminous mat(‘rial 
inter|w)sed with gravel, sand or stone chips. When us(^ for surfacing 
gravel, stone or concrete roads, it is usually ternuNl a “ carjx't " or a 
“ carjx^ting coat,” and when used for surfacing roads constructed of a 
bituminous wearing course including bituminous macadam and bitu- 
minous concrete pavements, it is referred to as a “ seal-coat.” In the 
latter case the function of the bituminous surfa<*ing is to till the void.s of 
the bituminous foundation and produce a smooth and imiform wearing 
surface. 

The objects of the bituminous surfacing are to prevt'ut the fontiation 
of (lust by attrition, to provide a somewhat (dastic cushion or “ carpet ” 
to take the wear and pre.serve the material uiK)n which it is laid, 

t(j make the road less noisy, and to incr(‘as(‘ the comfort of those who traved 
over the pav(‘ment. Bituminous surfacings will only give g(M>d results 
on roads providing a firm and well compact<‘d foundation. New roads 
should accordingly be opened up to t rathe for som(* time until all the 
small particles and loo.se dust have been worn off, and any local s('ttling 
may have taken place. 

liWitninous Binder. Bituminous binders for use in constructing 
bituminous surfacings may be divided into two groups, viz.: (a) suit- 
able for application to gravel, .stone or concrete pavenu'nts, and for the 
maintenance of bituminous macadam and bituminous conende pave- 
ments; {b) suitable for preparing the (trujinal bituminous .surfacing in 
con.structing bituminous macadam and bituminous concrete pav(‘ment8 
(usually termed “ .seal coats ”). The first group only will lie considered 
under this heading. The bituminous binders included in the second 
group will be descrils'd under the headings of bituminou.s macadam and 
bituminou.s concrete pavements, as th(‘y con.sist of the .same character 
of bituminous materials as u.sed in the con.st ruction of the wearing course 
of these re.spcctive pavement.s 

The bituminous materia Ls used for preparing the bituminous surfacings of group («) 
are usually viscous, scmi-hquid to semi-Holnl in consistency an«l suitable for appli- 
cation in a heated condition by a mechanical distributor capable of forcing it on 
the road under more or less pressure. They are usually ajiplied at a t/Ciniieraturc 
of 225-275® F., and should possess or develop shortly after their application suffi- 
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cient adhesiveness to bind together the covering of sand, gravel or stone chips 
The bituminous material is frequently composed of a cut-back residual asphalt 
or pitch, prepared from a base of great adhesiveness, combined with a suitable 
proportion of volatile constituents intended to evaporate within a short time after 
the bituminous surfacing is applied. The following may be used for preparing the 
surfacing; 

(1) Fhixed native asphalts. (It is {lossiblo to use these, but at present none are 
so employed.) 

(2) Blown petroleum asphalt of the proper consistency. 

(3) Residual asphalts, including “ cut-back " products. 

(4) Residual or refined tars, including water-gas tar, oil-gas tar, gas-works coal- 
tar and coke-over tar. 

( 5 ) Cut-back pitches, including cut-back water-gas-tar pitch, oil-gas-tar pitch, 
gas-works coal-tar pitch, and coke-oven coal-tar pitch. 

The bituminous binder should comply with the following characteristics wheri 
tested in its pure state: 



Tar 

Products. 

Asphaltic 

Products 

Viaeotity by flo*t teat at 00° F. (Teat 8d}. 

00-1.50 

00-150 

Oufltility at 77* F. (Toata 10a aod 106) 

>50 

>.50 

Fualng-point (K. and 8. method, Teat 15o) 

<10.5* F 

<10.5* F 

Volatile at 325* F. io five houra (Test 10a), 


<!.'■)% 

Viscosity reaidue by float teat at 122* F. (Teat fid) 


>110 

Diatillation teat (Teat 20): 



To 170* C. (by weight) 

<1% 


To 270* C. (by weight) 

<15% 


To 300* C. (by weight) 

<2.5% i 


Soluble io carbon disulphide (Teat 21a) . | 

> 85% j 

> 08%, 

Non-tniaersl matter insoluble (Teat 216) . 

<1-5% i 

<i% 

Mineral matter (Teat 21c) 

<i% 


Soiublo in 88* naphtha (Teat 23) 

1 

> 00%, 


Mineral Aggregate. The top dro.ssing should consist of coarse .sand, 
fine gravel or screened grit (stone chips) who.se particles vary from J to 
i in. in their longest dimension. The grit may be gradi'd from 4 in. down, 
but should contain no “ dust.” One cubic yard of sand weighing approxi- 
mately 2700 lb. should cover 50 to 100 sq. yd. of road surface in the hot 
process and 100 to 150 sq.yd. in the cold treatment (i.c., dust-laying oils). 
The harder the character of the top dressing, the l)ctter. Cubical particles 
are less liable to displacement under traffic than rounded particles. 

Preparing and Applying the Surfacing. The following steps should be 
carefully observed: 

( 1 ) The original cross-section of the road should be restored, proper 
drainage provided, and any ruts or depressions filled with crushed stone 
or gravel, levelled by rolling, and thoroughly bonded. 

(2) Any loose dust, chips or other particles should be removed by 
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swooping with hand or powor brooms, or in oxtronio oases with shovels 
or powor scrapers. 

(3) The weather should preferably be clear and warm. 

(4) The road surface should be ch'an and dry. This is Ovssential to 
secure the proper bonding of the .surfacing to the w(‘aring cours(\ In 
certain cases a light preliminary cold application of liquid bituminous 
material or “ primer ” will promote the adheskm. With macadam, 
l>est results are obtained by removing the fine particles lK‘tw(H‘n the larg(*r 
stones to a depth of J to { in. to enable the surfacing to “ key ” with it. 

(5) The tar or asphalt should be heated to 225 to 275*’ h'., and applied 
with a suitable pressure distributor, which will impinge it against the 
surface of the road in jets propt'lled at great velocity, and at the same time 
remove any dust which may hav(‘ been overlookt'd. If the pr'essurc is 
too great, the bituminous material is likely to Ih‘ atomized into line particles 
whose impact w’ill be les.sen(‘d. 

(0) The quantity of hituminous mafcaial re(|uir(‘d for the first treat- 
ment will vary from -J to J gal. fK^r .scpiare yard of surface. av(‘raging 
\ gal., depending upon the character and .smootimess of th(‘ s\irfac(‘. 
It should be applied uniformly and smoothly. 

(7) Some recommend that tlu‘ bituminous surfacing should be allowed 
to remain on the road at lea.st twelve hours, to enable it to soak m as much 
as possible before the mineral surfacing is applied. Others recommend 
placing the top dressing immediately. 

(8) After the top dressing is applk‘d. it should iHMhoroiighly rolled 
with a steam roller to incori)orafe the mineral matter with the bitummous 

coating. • i • , t 

(9) The finished bituminous surfacing should vary m thickness from 

J to 8 in. 


General Considerations. surres^^ of thn nu-thod will (lepemi upon. 

(1) The nature of the foundation to ^^hl(•h the hiluin.nous Hurfa.nm m applied. 
Macadam, concrete and well-const nicte<l hituininous-mara.iam pavements give the 
l*st remilts, Bituininou., ..urfarinR. ,l.. no. s.nn.l up xy-II on Kruvl ««.<!«, .n, tln.y 
are apt to peel ofT after a time, unless a primer is u.sc • 

(2) The thoroughness with which the hilunnnoi.s surtnemg adheres to (he toiin- 

‘‘““(a^The nature of the hinder used. Hiluininous sulistonees whos<i residues 
.Jess great duetility, ten.sile strength and “adhesive” qualities will give he liest 
results. They should not Isi too susieptihle to ten„«rati.re changes or contain ^ 
large a percentage of volatUe eon»tituenl.s. I'e.roleun. proiliicts made fro... i^phalUe 
I Jroleum will give better results than thus., ohtaine.! from a m.xe.l-l>ase ,«trole« n. 

(4) The nature of the top dressing. Cubical particles of gnt or stonech p- 
pings free from dust, produced frera hard rock, will give tetter resulte than mm- 
J matter derived from soft rocks, which are liable to powder under heavy tndfie. 
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Rounded mineral particles are not as satisfactory as angular ones, os they are more 
apt to become displaced. 

Numerous mechanical appliances have Ijcen devised for spreading the bitu- 
minous material, the modern and most efficient ones being operated by a motor 
which serves not only to propel the vehicle, but also to apply the bituminous 
material under pressure. Heat is supplied by burning wood or coal in a small grate 
underneath the tank. Steam-jacketed tanks are also used. 

Bituminous Macadam. This form of pavement is also known as 
“asphalt macadam,” “bituminous gravel,” “bituminous broken stone,” 
“ asphalt broken stone,” etc. Its wearing course is composed of mineral 
particles bound together and having the interstices filled with a bituminous 
binder introduced by the “ penetration method,” which consists in first 
rolling the mineral particles in place and applying the melted bituminous 
binder afterwards. 

Foundation Course. The firmer the foundation, the more durable will 
the pavement be. Either a Telford macadam, or well drained grave 1 
foundation is recommended. Sand or giavel roads are frequently too 
soft to give good results. If the foundation is worn or rutted or filled with 
holes, it should be levelled and rolled before the surface course is applied. 

Mineral Aggregate. Upon the foundation course is spread an inter- 
mediate course composed of IJ- to 3-in. broken stone, which after rolling 
is compacted in a layer 2 in. de(‘p on old macadam rf)adways to “> in. dccq) 
on new roadways designed to carry heavy traffic. This is bonded together 
by filling the interstices with smaller-sized stone, vsand, screenings or 
stone-dust, and rolled until thoroughly compacted. Upon the inhu- 
mediate course is spread the surface course whi(‘h is subscciuently treated 
with the bituminous binder. When the surface course is to bo applied in an 
uncompacted layer 4 in. thick, corresix)nding to 3 in. after rolling, the 
stone particles may vary from 2 to in. When the surface cour.'^e is to 
be applied in an uncompacted layer 3 in. thick corresponding to 2 in. 
after rolling, the stone particles may range from 1 to 2J in. All depre.s- 
sions must be filled. Crusher stone consisting of cubical fragments gives 
the best results. Crushed gravel may be used for the minend aggregate 
in localities where broken stone is not obtainable. 

Bituminous Binder. The binder used in penetration method may con- 
sist of the following groups of products: 

(U Native asphalts used alone when of a suitable consistency, or else fluxed to 
grade with softer native asphalts, residual oil, soft residual asphalts or soft blown 
petroleum asphalt. 

(2) Asphaltites fluxed to the required consistency and fusing-point with residual 
oil, soft native asphalt, soft residual asphalt, or soft blown petroleum asphalt. 

(3) Residual asphalts used alone when of the required consistency, or else fluxed 
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to grade with residual oil, soft native asphalt, soft residual asphalt or aoft blown 
petroleum asphalt. • 

(4) Blown petroleum asphalts used alone when of the profH'r ronsiafeney, or 
else flu.xed to grade with soft native asphalts, re.^uhial oils or soft residual asphalts. 

(5) Water-gas-tar pit(‘h, oil-gas-tar pitch, gas-works coal-tar pitch or coke-oven- 
tar pitch, u.sed either singly or in variou.s combinations, and without other additions 
when of the required consistency: or else if too hard, cut back to gnide. with the 
corre.sponding liquid tar evaporated to remove the highly volatile oils, or a small 
proportion of high boiling-fioint distillate derived therefrom. 


The hitiiniinous himlrr should complv with tho following tosts; 


Vis('()«il \ 1)\ It"! !t( I' (T< “t Sil) 
penft r itKMi lit 77" I' (Tfst 9t) 

Pcilftr it Kiti at F ('J'f'>t '.F») 

I)uclilif\ at 77° F ('I'l 10(1 nr Kt/O 

Fu'^ul^!:-p"l•0 (M and H niftlmd, 'I'cMt I'd/i 
!■ U«liiK-pnlIlt (('nix IlM'trind, 'I'c't I.m) 
\olalilc at I' III (i\<’ liniirM FI'""! I'xil 

I’lnintrat inn m-'idiic at 77° F (T«st 96) 

Flasli-jximt ('I'l't 17/0 

Dlxtill itinli tc^t (Tx't JOl 

I’n 170’ (' (,l)\ wcii'lil) 

Tn 270" ( ' (1(\ \icik1iI ) 

To (' (1)\ wcikIOI 

Fiisiiiic-poiiit rn'idim (Tx'-t Ixi 
Solulilx III carlKiii disiilpliidn ( 1% »( 21(0 
.N'oii-riiiiKTfil iiiatOT iiisolnliln ('I'cMt 216) 
Miimral nialt< r ('I'cHt 21/ ) 

('arlx'iK's ('I'xst 22) 

Sninlilc III SS" tiaplilli.t ('I'/xt 2 0 


1 ar 

I’rixlui ta 
*«» 120 


li:.' I 


* I ■ , 

• 10', 

• 20 ‘, 
^r>o' I 

- I'd; 

• 5'. 


Axphnltn* 

l‘r<Hliicta 


SO 100 

> S 

> 2:» 

9:1 lar." F 


J nr(|Hll«| 
pniX'trHtinil 

> .•Crf)® F 


>97'’;, 

<2'’; 

- ip; 


l*rcparin(f and ApphjitKj the Surfan' ('oursc. 'I'Ik* surf}U*(‘ courw* is 
appli(’(l to tlu’ irilcM’iiK’tliatc eonrst' a.*' descrihetl. in a Imvit 2 to in. thick 
when conipact(‘(l, and sprinkled with hittiminons hinder under a pres- 
suro of 'M) toGdlb. |)er .stpiare inch fioni a ui(‘chanieal eontrivanee similar 
to that us('d in the surfacing method. Very .soft rock .should 1m* sprinkled 
Ixfair rolling. The hitummous material may Ik* h(‘ated lM*tw('en and 
1^00® F. in tlu* eas(> of tar proclucts, and from d(K) to doth' F. w'ith a>(plmltic 
mixtuivs, and applied at the rate* of J gal. imt .stpiare yard for each inch 
thickiH'ss of the compacted wearing .surface. The road is then imme- 
diately cov(Wcd W'ith a dusting of J in. scrmiings preferably heatH, and 
well rolled with a 15 to 18-ton roller, after which a .si‘al-coat of bituminoiiH 
material (p. 367) is applied, at the rate of i to J gal. per wjuare yard, 
covered wdth chips and again rolled. 
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General Considerations. The following precautions should l)e observetl: 

(1) The founiition course should be unyielding and substantial. 

(2) Tough and durable stone of cubical form and free from dust should be 
used as mineral aggregate in the wearing course. 

(3) The bituminous binder should lie distributed uniformly throughout the entire 
wearing course. This may be assured by applying the binder in two or more layers 
on relatively thin course.s of aggregate. 

(4) '^rhe bituminous binder should l)e applied in just the right quantity, neither 
too much nor too little. If too much is applied, the binder will “ bleed ” from the 
road in warm weather, and if too little, the l)ond will be broken in service. 

Bituminous Concrete Pavements. This method differs from the fore- 
going in the fact that the mineral aggregate is heated and mixed with the 
bituminous binder before it is applied to the road. This overcomes the 
main difficulty of the pemetration method and insures a nnifonn distribu- 
tion of the bituminous material. The name “ bituminous concrete ” 
is given on account of its analogy to a Port land-cement concrete, in which 
the mineral aggregate has its voids filled with PoiTland cement in one case 
and with a bituminous cement in the other. It has also been termed 
“ stone-filled sheet asphalt pavement,” and may be regarded as a mortar 
of the composition used in the construction of the surfa(’e course of .slieet 
asphalt pavements, having J to 1.; in. .stone uniformly distributed and 
einl)edded therein. This type of con.sti’uction is rapidly suix'iseding 
bituminous macadam, in .spite of the fact that th(‘ latter is cor)siderably 
less exptuisive. The modern tendency is to produce a very dense wearing 
cour.se, characterized by a .smaller proportion of voids than in bituminou.s 
macadam. 

Foundation or Base Course. The mo.st .satisfactory foundation con- 
sists of a Portland-cernent coiu'rcte, or a well-compacted macadam; less 
satisfactory results being obtained from gravel or broken stone founda- 
tions. Ihc .same precautions should be followcvl in levelling and grading 
the macadam, broken stone or grav'd foundation as described under the 
respective headings “ Hituminous Surfacings ” and “ Bituminous Mac- 
adam.” In the ca.'^e of a Portland-cernent concrete foundation, the direc- 
tions should be observ'ed as dc.scribed on p. 367. Macadam foundations 
should never be less than 6 in. thick, or Portland-cernent concrete less than 
4 in. 

Mineral Aggregate. This should be selected and proportioned with the 
greatest care, since the success or failure of the pavement will largely 
depend upon the character and blending of the aggregate. It may con- 
sist of a screened rock of the sizes used for the penetration method, or an 
attempt may be made to reduce the percentage of voitls by using a graded 
aggregate consisting of crusher-run stone, or a mixture of crusher-run 
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ptone with sand, with or without the addition of dust or filler. When such 
aggregate is not available, sand passing a J-in. screen and gravel ranging 
in size from J to U in. may be used in such projKirtions that the mixture 
will have the smallest i^ercentage of voids (determined jus descrilwd on 
p. 369). The stone should Ik? hard and tough with cubical fragments, 
(’rushed quartz or tra{)-rock are recommended, but hard, finely crystalline 
limestone will also give good results. (Iranite is less .sati.sfactory, and 
gravel should only be used where the other tyix's of stom' an' not procur- 
able. Slag, shells or cinders are not recommended. In the w(‘stern |M>rtion 
of the United States, where hard rocks are not available for aggri'gale, 
bituminous concrete pavements have not given very satisfactory ri'sults. 

The sand should he dean, graded and (*oin|w»sed of turthum sharp grains, neither 
t(K) angular nor rounded. Sands are classified !is l)oaeh, river, hank, disinfegratial 
sandstone and artificial sand.*^, hut each group vanes in its charaetiTisties, ho that it 
i.s iinix)ssihle to reach any conclu.sions reg.inling their relative eflicienci(‘H without 
Huhjectiilg them to a granularmcfrie exaiiiinafion. 

Soinetiines the .sands carry sufficient fine particles to satisfactonlv fill the voids 
When this is not the cjuse, additional dust or filler .should Iw added, consisting of 
ground limestone, trap-rock, volcanic rock, silica, diale, fKiwdenal clay or marl ami 
either Portland or natural cement At the pre.MUit time limestone dust is most 
commonly used for this purpo.se and sometimes Portlaml <‘em(*nt lullcrs shoiiM Is- 
of such a U‘\fure that at least 7.5 jier cent will pa.ss a 200-mesh sieve, and not less 
than ()0 j>er (‘(‘nt remain su.sfiended in water at tW F. for fifteiui stM-oiids (see 
Elutriation 1’est, j). 541.) The amount of filler a4lded will de|H'n<l u|Km: 

(1) Whether tlie hiturninous cement contains mineral matter 

(2) Whether there are any fine particles of “ <lust ” prt*sent in the sand. 

The grading of the stone, .sand and fill»‘r shouhl Ik* contnilled very car(‘fully t<o 
obtain an aggregate of the greatest )M).s'«ible deiisitv, or in otlier words, the small(‘^t 
jiercentagi* of voids, 'riius, the voids of the broken Htom* .should Ik* complct<*ly 
filled with sand, the voids of the sand in turn fille<l with dust, and the voids of 
the dust in turn filled with bituminous cement The “voids" may Ik* detennine<l 
by finding the sjiecific gravity of the stone, .sjuid and dust resjiectively, and then 
calculating the i)ro[K)rtion of voids in a given volume I his may Ik* arrived at by 
finding the weight of a given volume nuKlerately <’oiiij)acted. J he voids will then 
l)C found by divading the weight by the gr.avity, .and subtracting the n*sult from th<* 
volume 4'he voids are figured in jiercentage 

Another method consists in filling a receptacle of cxuctl}' 1 cu ft. cjipncity with 
the aggregate moderately conifiacted A me;isurc<l volume of water is ixiured into 
the recejitacle until it in ready to overflow, the exm-t volume of water us<*d lK*mg 
e<}ual to the volume of voids in the aggn*gate or filler under test. I he pro|X)r- 
tion of bituminous binder to l>e atlded shouhl Ik* calculated from the volume of 
voids in the completed mineral aggregate. In most cases the profwrtion of bitu- 
minous cement Ls expressed in perceiifjige by wtnght of the final mixture containing 
the aggregate. 3'his, however, is liable to give inislea^ling results, as correi'tly |K)inted 
out by Hubbard,* who suggests that the .s|)ccific gravity of both the aggregate and the 

"Thf Bitumen Content of Coarse Bituminou* Aggregst^**,’’ Proe Ini. Attoc TtUxng MaUnaU, 
6th CongreM, 11, XXV-2. 1912. 
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pure extracted bituminous cement should be reported. To show the fallacy of the 
method of expresaing the proportion of bituminous cement by weight, Hubbard 
assumed the case of two aggregates both having the same percentage (6 per cent) 
by weight of bituminous cement free from mineral matter, the aggregate in one cose 
having a specific gravity 2.50 and the pure bituminous cement 1.17, and in the 
other COM the aggregate 3.50 and the pure bituminoas cement 0.96. The pcr> 
oentage of bituminous cement by volume will, however, vary greatly as shown by the 
following figures: 



Per Cent 
by Weight. 

Speeifie 

(Jrttvity 

Proportion 
by V'oliinie 

Per Cent 
by Volume. 

Firti mixture: 





Aggregate 

94 

2 50 

.37 0 

88 

Pure bitumlnoui cement 

6 

1 17 

5 1 

12 

Total 

100 



100 

Second mixture: 





Aggregate 

94 

3 .50 

20 9 ’ 

HI 

Pure bituminous cemont. . . 

u 

0 90 

0 :3 

19 

Total 

lOU 



1(K) 


It will 1)6 observed that although l)oth mixture.s contain the same iwTcontagc 
of bituminous cement by weight, they show a variation of 7 per cent in their ))(*r- 
oentages expressed by volume, which is more than sufficient to result in the success 
or failure of the paving mixture. The following figures show the relation of the 
percentages by volume and weight of a dense mixture u.s(‘d for heavy traffic (River- 
side Drive, New York City).* 


I 

Per Cent 
by W'eight 

per ('ent 
by Volume 

Pure asphalt (Bormudes) 

9 82 

22 48 

Portland cement 

10 25 

8 03 

Sand. ... 

26 04 

24.39 

Stone 

63.29 

45 10 

Total 

100 00 

100 00 


SpeoiBo grovity at 77® F. when ultimately compressed: 2 434 


In arriving at the proper proportions, neither the <lust nor the bituminous cement 
ihould be present in excess, as the former would tend to make the mixture difficult 
to apply, and the latter would make it soft and mushy. 

Bituminous ooncrete pavements may lie sub-divided into two classes, viz.: 

(1) Containing less than 10 per cent of stone passing a i-in. screen and having 
greater than 21 per cent of voids, based on the so-called “ Topeka specification”; and 

(2) Containing greater than 10 per cent of stone passing a i-in. screen and 
having less than 21 per cent of voids in the mineral aggregate, based on the bitu- 
Uthio specifioation.” * Typical mixtures arc included in the following table; 

) Privat* oommuoioatioo from Clifford Riohardaon. 

■Embodied in 0. S. Pate. 676.430 ofJun. 4, 1901; 727,606 and 727.612 uf May 5. 1903; 
^ 'm,M5 of Sep. IS, 1003; all imued to F. J. Warien. 
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To|)eka 



Hiehanl- 

Bitu- 


Rirbard- 

Wash- 


Mix- 

1 sed in 

Tsed ill 

son's 

lithip 

Warren- 

ann'a 

ingtoDt 


ture 

N Y 

Spokane 

Mix- 

Mix- 

ite. 

Mix- 

D. r. 





ture 

ture 


lure 

1011-14 

rah'-iiig 200-mr8h aiovc 

5-n 

11 9 

4 8 

8 7 

4 7 

.5 10 

2 to 


r.isHiiig KRt-mesh Biove 



5 10 

8 0 




3 10 

I’lissing SO-mosh sk*vc. 


14 .I 

10 20 

8 7 


1.5 20 

• 

\-2 

rif^sing 40-ni('Hh-8iovo 

18-30 

18 n 

!.■> 30 

23 2 




3 6 

I'.issing lO-mcsh 8u*ve, 

2.'j-55 

18 9 

2.'>- 40 

10.0 

24 32 

.5 10 

2.5 35 

15 30 

IhiHsing ft-nifsh sievp. 







1 3 

i 3 

r.i-Ming J in. spreen.. 

8-22 

19 1 

15 40 

22 0 

8 12 

.5 10 

3 12 

.V20 

PiiHsing i in screen. 

<10 

8.1 

<10 

10.0 

12-20 

10 20 

10 30 

15 25 

I’asHing 1 in srnn'n 





26- .3.5 1 

40 00 

I 20 35 

15 .30 

Ketaiiieii on 1 in. screen 





30 50 / 


1 0 10 

O 20 

Ihtiiniinous cement 

7-11% 

8 9% 

7 10%' 

S 2‘'J 

7 9|%, 

t .5 10% 

7 9%, 

7 8%, 

Voids in aggregate 

>21% 


>21% 

>2l'’r 

<21 

! <21%, 

15 20% 

20 21% 


PcTCentiiges h\ weight. 


Bituminous Cement or Binder. The bituniinouK cement is 8emi- 
solid in consistency, and may be composed of the groups of bituminous 
materials enumerated under “ Ibtuininous Macadam ’’ (p. 300). It 
should comply with the following characteristics: 



Tar Prod mis 

AsphHltte Prmlucts 

VisccHity by Hoat teat at 122° K (Test 8d) 

120 1M> 


penetration at 11.5° K (Test 95) 


<360 

Penetration at 77° F (Test 96) 


00 120 

I’enetration at 32° F (Test 96) 


>26 

Ductility at 77° F (Dow Mothtsl, Test 10a) 

> 10 

> 10 

Tensile strength at 77° F". (T«‘st 11) 

>0 ,5 ' 

>0 5 

Fiising-point (K and S nietho<I, Test 1.5a) 


HO 110* F 

Fusing-point (H and H methofi, Test 1.56) 


100 1.35* V 

Fiising-point (Cube method, Test 15f) 

11.5 1.50'’ I 


Volatile at 32.5° F. in five hours (Test 10a) 


<3% 

penetration residue at 77° F (Test 96) 


> i original penetration 

Volatile at .5(X)° F iii four hours (Test lOa) 


<7% 

Flash-point (Test 17a) 

>.3,50° F, 

>400* F. 

Distillalmn lest (Test 20)' 



To 170° C (by weight) 

<1% 


To 270° C (by weight) 

<10% 


To ,300° C (by weight) 

<20% 


Fiising-poiut residue (Test IQc). 

<175° F. 

f > 65% for Trinidatl bio<l«r 

Soluble in carbon disulphide (Test 21a) 

> 80%, 

1 > 96% for other binders 

Non-mineral matter insoluble (Test 216) 

15 25% 

<2i% 



( <30%, for Trinidad binder 

Mineral matter (Test 21c) 

<i% 

1 <3J% for other Modere 

(’arbenes (Test 22) 


<2% 

Non-mineral matter soluble in 88° naphtha 



(Test 2.3). 


>75% 
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'Fhe important fcaturen of the bituminous cement are as follows: 

fl) Its penetration (Test 9/>) should lx; controlled within definitely prescril)ed 
limits. 

(2) It shoiiM be sliKhtly susceptible to temperature changes (Test Od), 

(.'{) It should possess f^reat ductility (Test lOa). 

(4) It should have great tensile strength (d'est 11). 

(5) lt> should show but a small jicrcentage of volatile matter (Test 1(>). 

(6) Asphaltic cements shouhl contain ordy small |)ercent:iges of non-mineral 

matter insoluble in carlion disulphide ('lest 2bi), also carbenes ('Pest 22) 

(lood results have been obtained by utilizing the surfacing material ripped from 

old sheet asphalt [lavements (p. IKiS), mixed with a suitable jiroportion of coarse 
stone, an<l enriched with iwlditional bituminous cement, .softer than that originally 
employed in the sheet a.sphalt surfacing mixture,* since the bituminous cement of 
bituminous concrete pavements should be considerably .softer than that used in the 
wearing course of sheet asfihalt pavements. 'I’lie following figures show the rela- 
tive [K;netrations at 77“ F. (nce<llc [lentrometer 'lest t)fi) : 

Wearing surface of sheet asfihalt [lavements . , , Average of 55 

Bituminous cement in bituminous concrete pavements .Average of S5 
Bituminous binder in bituminous macadam [lavimients .Average; of 120 

The greater the percentage of filler m the aggregate, the softi'r tlie bituminous 
cement may be, and the larger its [iro[iortion ineor|iorated m the mixture (see 
Slieet As[ihalt Bavement.s, [i. HtiO). 

Preparing and Applying the Mature. Tho host practice provides that 
the stone and sand (or till(‘r) shall Ik‘ heated separately in a rotjiry hi'ater, 
as the particles of sand due to their smaller siz(‘ will heat more rapidly. 
With tar products, the .aggregjite should he lieattal not exci'eding d0()° F., 
and with asphaltic products not exceialing d()()° F. Tin* coarse and 
lino portions of the heated agf^regate rc'spectividy are stored in si'parale 
bins so that may ho weighed individually.- The hituminous cement 
should also he melted separately to a temperaturi' corr(‘s[ionding to that 
of the aggregate, whereupnn suitalih* [)ro[ior(!ons of tlu' stem', sand, 
filler and hituminous cement are mixed togedher in a twin-|Mig or otln'r 
suitahle mixer (see p. B72) for at least one minute at a tem[X'raturi‘ of 
275 to 375° F. When thoroughly mixed, the hituminous concrete, now 
at a tem[)erature of 250 to 325° F., is hauled to the road in covered wagons, 
and spread on the street at 230 to 2S0° I'A with hcxited rakes or shoviTs 
forming a uniform layer of the desired thickness. The mixture is there- 
upon compressed by an S to 10-ton roll(‘r into a uniform layer eitluu’ 2 
or 3 in. thick, de[xjnding iiixin the severity of the traffic encountered. 
Another alternative, representing what is now considi'ied to he very good 
practice, consists in first applying 2 in. of clo.se hinder (see Sheet Asphalt 
Pavement, p. 308), which in turn is surfaced with 1 to 1 J in. of bituminoiw 

' U. 8. Pat 9.^8.698 of Nov. 2. 1909 to J .\ W, Pine 
’Clifford Richardson, Eng Nrm, 80 , 109, 1908 



lUTl'MINOrs PAVINd MA'l'KHIALS 


:U)7 


concrete (asphaltic). The r(»a(l may he tiiiisheii m this maimer, or it 
may he iinishc’tl l)y applying a s<‘al cikiI If witlioiit tht* seal coat, a lifi:ht 
(lusting: of p()\vd(M’('(l limestone or Portland iH'uu'iit should h(‘ sjiri'ail on 
the surface and rolled in. 

I'ini}<hui(j ('oarsv A{i<fr((j(itis irith (i Sail ('o<it. 'To ohtam tlii' lu'st 
results with coarse aggregates a s(‘al coat sliouM he apiihed iindiM’ jiri's- 
sure at 2(H1 to 350° K., and mampulati'd m suhstantiall\ th(‘ .same maimer 
as descrihed for hitumiiious surfaemgs (“car|M‘t coats”', using J to 1 
gal. per scpiare yard, coveri'd with pi'a giavcl or stone chijis (th(‘ p:ii tides 
measuring \ to \ in. in diameter) at tlu' rati' of 1 cu.>d jier AO io UK) 
.sq.yd., and firmly rollt'd in jilace In somi' cases thi' seal coat consists 
of the same hitumiiious cement used for preparing the hitunimoiis con- 
crete, and ill other instances a hard(*r hitumiiious cenu'iit, testing as follows: 
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Sheet-asphalt Pavements. .\ ai<.. l-a^pli!ili piucniinl is "i"' lin- 
puii'd liv til" niixinn iMi.lli.Kl. i <ini|««',l .,1 iin inP ii.iclml.' i.r l.in.liT .-"HK" 

of l.itiiininoiis .•on.'n.p., nml a "■■anna "oorM' of asplmld" 

I'l'innK and saiiil of nnim^l V""/,,,;/. '^'<1"'"* "i" addition 

of mineral filler (dust). 

Fom„h,ho,i nr Uns, ( nnrrr. Til., foiindalion or IvK,' coiirM' may 
consist of a brick or a block pavement, and sometimes old maeadam 
The most sali.sfaetorv foundation is eoniispsed of Poilland-eenii.nt eonere e 
4 to !l in, tliiek. deis'iidiiiK n|S'n H"' "f 

■should consist of I'oitland eemeni, uravel or broken stone, and sand m 
proimrtions raiiRiiiK from 1 : 2 : to 1 : 4 : b, deiK iidiiiK ii,Km the ny nre 
of the apprepate available. The surface of the hydraulic coiierete should 
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be levelled carefully and finished smooth, since any iiTe^ularities will bo 
transmitted to the wearing course, giving it an uneven surface. 

Intermediate, or Hinder Course. This may he chussified in two types 
known as “ open binder ” and ** (‘lose bind(‘r ” respe(*tively. The former 
corresponds to the ungrad(‘d coarsc-aggn'gate bituminous concrete, and 
the latter to a grad(Hl bituminous concrete. Asphaltic cement is used in 
both cases. The binder course is constructed 1 to 2 in thick after com- 
pression, depending upon the severity of the traffic. 

The open binder is prepared from broken stone, the fragments of which 
arc largely of one size, ranging from ] to 1 in. in diameter. No attempt is 
made to secure a graded aggn'gate or a dense mixture five from voids. 
Trap rock or hard and tough linu‘stone (non-crystalline) is best suited for 
the purpose, althougli in (vrtain cas(\s granite may be used where the other 
rocks arc not procurable. 

The average weight of crushed atone suitable for the binder course 
approximates 100 lb. por cubic foot, reciuiring 3.J to 5-1 per cent by weight 
of a-?phaltic cement. It is prepared and laid in the same manner as bitu- 
minous concrete pavements. The same asidialtic cement may be us('d in 
the open type of internuidiate course as in the surface (ourse (see p, 370). 

A close binder is better adapted to withstand lu'avy traffic than an 
open binder, and is now largely lieing us(h 1 in place of the latter. It is 
prepared in the same maniu'r as asphal'ic concrete (sev p. 3()2), and is 
laid in a course measuring I to 2 in. thick when compr(‘ssed. Old lusphalt 
pavements tis they arc removed from the strevt pix'paratory to resur- 
facing are often convert(‘d into (*lo.se binder, as previously (h'scrilvd, by 
heating with steam and mixing in broken .stoiu^ and asphaltic cement to 
increase the percentage* and soften the consistency of the cement present 
in the old mixture. 

Surfac£ or Wearing Course. This is composed of a graded sand, filler 
and asphaltic cement. The durability of the pavement will dejx'nd: 

( 1 ) Upon the care with which the mineral aggregate is graded. 

(2) Upon the percentage and characteristics of the asphaltic cement. 

The following points are of importance in arriving at the basis of a 
proper surface mixture: * 

( 1 ) Aggregate passing a 200-mesh sieve. 

(2) Aggregate passing 80- but retained on a 200-mesh sieve. 

(3) Aggregate passing 40- but retaim'd on an 80-mesh sieve. 

( 4 ) Aggregate passing 10- but retained on a 40-mcsh sieve. 

(5) Aggregate retained by a 10-mesh sieve. 

(6) Pure asphalt present (free from mineral constituents) 

‘ For an explanation q( t|io various moves used, <ipe p. .^40. 
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The following mixtures luive givcMi good results: 
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Pa>4siiiK 200-ino8h 

12-18 

13-20 

10 0 

l.< 0 

17 4 

80. rotaincd 200 1 

10 :io 

1.3 .30 

18 0 

20 (I 

.33 4 

Pii'^sinj? 40 , retained 8(1 i 

20-5.> 

20 .'■>5 

38 0 

.14 .3 

.32 1 

PatwiiiK 10. retained 40 

10 :t.T 

10 3(1 

21 0 

U> 0 

21 .V 

Itetiiined lO-meah 

i ** 

" 

0 u 1 

0 (1 

3 7 

.Vsjitiallio rt'iuent (pure') ! 

‘ 0 12 

in u 12 '» 

1 

10 

to 0 


A projM'rly l)iilanc(*(l ininoral aggrcuatc '•houlil cofii tin xii|fici(>nilv iiiir iimlcnal 
"passing 2(M)-inc*sh,” to make the «*ompn‘sM*(l pavcincnt tlrnxo, tough, slightly sus- 
ceptiblo to tonijicratiirc' cliangt"', unatTn ti'd by waUu. iikI not habk* to «hspla(riin'nt 
in service. Too much material " pa.ssmg 2tH)-Mn‘sh ’ will cause the pavement to 
"ball up" and prevent it from spreading easily wlnle m a heated jondition; it in 
also apt to make the finished pavement " mushy ’’ and liable to indentatioiiH; and 
it will consume an excess of asphaltic c(*inent, at a corresjMuidinglv increasiMl i*\- 
jiense. The fine material “ p.i.ssmg 2(KMiiesli " is usually ad«led in the form of 
" filler, " or "dust" (set' p :hid), the tiuaiititv of which will (lejicnd largely upon 
whether or not the asphaltic cement itst'lf contains mineral matter 'riiiis in the 
case of the Trinidad asphaltic cem<*nt, natumlK containing a iienentagi' of clay and 
silica, 20 jicr cent less tiller must be added than with a liermude/, asphaltic cement 
almost free from associatt'd mineral constituents TIh' (|uanlitv of tiller to Is* aildetl to 
the sand should be regulated so that th<‘ smf.Ma* mixt.ne will contain not less than 10 
]M'r cent " passing 200-mesh ” whi'ii tin' pa\em('iit e to be subjecti'd to iiKslerate trallic 
conditKiiis, nor more than IS |K‘r cent, when intended to withstaml heavy tnilfic. 

The aggregate must contain sufficient part ides “ passing KO but retained on a 200- 
mesh sieve " to ov(*rcome the ti'iidoncv of the tiller to " ball uji " the .surfms' mixture 
while It IS lieing .sjiread on the pavement, enabling the mixture to spread out easily and 
form a dense surface under <'ompre.s.sion. capable of resi-.tmg the actam of wab-r. 

The particles " jia'ising 10 but retained on a •IO-mesli sieve" from the " back- 
l)one " of tlie pavement, as it were, preventing the mixture from iMuorning displaeed 
m service, and forming a le.ss .slipjn'rv wearing .surfacs' 

Asphaltic cement should Ik* pres<'nt in just siitlieient (juantity to «'onipletely fill 
the voids in the aggregate after eoinprt'ssion loo littl** will form a jmvement 
lacking strength, and liable to crack u|K)n Is'ing subjected to changes m tem|>eni- 
tiire Too large a pro|K)rtion will make the surface mixture " musliv so that the 
partirlc.s of sand arc apt to lK*eome <lispla<K*d under traffic .Mfsierri jiractice chIIh 
for 9 to 17 |)er cent of asjihallic cement, de|H‘ndmg u|)on the character of the aggn*- 
gatc and the conditions under which the pavement will Ik? 8ubjeet4'd. Hicluirdson 
has patented a mixture containing at I(>ast 10 |K*r csuit mineral purlicleK passing 
2(X)-, 100- and 80-mesh sieve.s res|K‘clively, ami not less than lOJ jx*r eimt pure 
asphalt.* 

‘U S. Pat. 007384 of Jut 20. 1808 to Clifford Richard«>n. 
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It is unusual to find one sand fulfilling all of the foregoing requirements, (len- 
erally two or more sands must lie blended together, and a suitable pro[)ortion of 
filler added, to produce an aggregate of the o|)timum characteristics. Richardson 
makes a special virtue of the fact that refined Trinidad asphalt contain.s naturally 
about 27 per cent filler composed largely of “ colloidal " particles.* In some ca.scs 
an atjueous paste of “ colloidal clay is purfK).sely added to pure asphalts to sim- 
ulate the- Trinidad mixture.* Oklahoma rock asphalts carrying about 12 per cent 
of pure a.sphalt are well suited for constructing sheet asphalt pavements, as they 
are resistant towards atmospheric conditions and do not become brittle at low 
tornperaturcs, thus resembling the St‘ys.sel and Neuchatel asphalts.* It is estimated 
that 2i-ldi million tons are available.* 

The following figures show the relation lietwetui the percentages by weight and 
volunie in a standard surface mixture.*’ 



Uv 

R.v Noliiriie 


P<T Cent 

Per Cent 

Pure asphalt cement 

10 

L’.'i 1 

Passing 20()-nieHh sieve 

I.t 0 

11 4 

Passing 100-mesh sieve 

i:j (1 

n 1 

I’assing BO-mesh sieve 

1.1 0 

11 1 

PaHsing 50-mesh sieve 

2:i .') 

20 0 

Passing 40-me8li sieve 

11 0 

9 4 

Passing SO-rnesh sieve 

8 0 

6 S 

Passing 20-ine8h sieve 

5 0 

4 :i 

Passing lO-mesh sieve 

;t 0 

2 8 


100 0 

100 0 


Asphaltic Cment. The asphaltii’ (‘omont should lx* soiuewhat harder 
than that used in bituminous concrete pavements, complying widi the fol- 
lowing characteristics: 


(Test 86) 

Float test at 1 50® F * 

Less than 10 minutes 

(Test 96) 

Penetration at 115® F* 

Less than 300 


Penetration at 77® F • 

25 4.5 


penetration at 32® F • 

Gnliter than 10 

(Test 10a) 

Ductility at 77® F (Dow method) 

Greater than 20 

(Test I6rt) 

Fusing-point (K and S method) " 

90 120° F 

(Test 156) 

Fusing-point (B and R method) * 

10.‘» 140® F. 


' " The Theory of fho IVrfpct Shoot Atiplmll .Siirfap**," ('lifTord HicluinlHon, J Ind Eng Chem , 
T, 403, lai.'i; " IniportantM' of th<* Uolatmti of .Suluf Surfnoc'i and I.i»iuid Films m Some* Typ«‘s 
of KiiKiiU'cniiK CoiiBtruPtion,” ('lifford KichardHon, Proc. Wt-ittru Site Engtmtnt, ChicnKO, Nov. 
20, 1910. 

*0, S. Patfl. 1.198,769 and 1,198.956 of Sop. 19, 1016 to (’lilTord Un hardson 

• " Weathorinn of Rock Asphalts of U. S in PaM-nn-iit}!,*' .S F Porkhani, Trans Am Inst 
Cktm. Eng, 6. 245, 1913. 

•"Oklahoma Rock Asphalts for PaMnK," L. C. .Smdor, J Soc Chtm Ind , 34 , 30. 1915 

• Private communication from Clifford Richardson 

•The float, penetration and fusmg-point tests apply to pure asphaltic cement free from mmorul 
constituents. In the caae of Trinidad asphaltic cement these tests should be performed on the por- 
tion soluble in carbon disulphide, since the presence of mineral matter increases both the hard- 
ness and the fusing-point of bituminous mixtures (&<'« p. 346). This is imporranf and should not 
be overlooked 
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(Twt 16a) Volatile mattur aJ S2.'>° F in !i lira 
penetration of residue 

(Teit 17a) Flash-point (I’en8k> -Martens tester) 

(Teat 21a) Soluble in oarbon disulphide. 

In the case of Trinidaii asphaltic ceiuent 
In the case of other asphaltic cements 
(Teat 216) Non-ininernl matter insoluble 

In th(‘ (ase of all asphaltic ceim nts 
(Teat 21c) Mineral matter. 

Ill the cum* of Trinidad asjdiallic cement 
In the case of otlnr axphaltic lenn'iits 
(Test 22) Carbencs 

(Test 23) Solubility of non-mineral conMituents in 

nai>htha 


T.ess than 3*^ 

Cln-ater than I of th« 
oriKinal tamet ration 
(Ireater than d.'H)* F. 

Greater than 
Greater tlian 

bias than U'i 

I ess than 
I ess than 4' 

I < ss than 2* ^ 

Gr<‘at< r than TO'e 


Typical asiihaltic cements prepareil from Trinitlad ainl Itermudez itsphalU, 
resi^ectivcly, Ity fluxinj? the relmcd asphalt with a resnhial oil th^nved fnmi a mixetl- 
base jictroleam test as follows: 


(Teat 7) 

Specilic liraMtv Ht 77° F 

1 

(Test 96) 

PeiK'i ration at 11.5° F 

Pcnetr.it ion at 77° F 
Penetration .it 32° 1 


(Test 9c) 
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Ductility at 77° 1' 

Ductilitv at :12° F 

1 

(Test 11) 
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'reii'xile strenirth at 77° I 

'Fensile strenisth at 32“ 1 


(Test 1 5a) 

Fusinx-point ''K and nathodi 


(Te«t 1.56) 

FnMin>t-t)oint (11 and H iintliod 


(Test 1.5c) 

Fusinir-point {(’nbi* metlio.l) 

hr-c 

(Test I6a) 

Volatih* matter at 32.5° 1 m .> 

('best 17a) 

Fliish-poinf 


(Test 19) 

l-ixefl carbon 

I 

(Test 2lo) 

Soluble in carbon disulphide • 


(Test 216) 

Non-mineral matter iiiHobibh* * 

' 

(Test 21c) 

Mim ral matter 

Total 

1 

(Test 22) 

Carbenes 

j 

(Test 23) 

Non-min.-ral matfer in-..luble m 
naphtha 

.SH° 1 


♦ In< ludinit " a*' *’ 

of h\drnlion 


\-phallie ( 'eliu lit 
Frep.ired from 
1 riiiidad \sphalt 

I 2ti 
ISO 


2 0 
7 0 
't I 7 

r. 2 

l^ 

21 7) 

1 

tl 25 

n 75 

r. 

ir." I 

lU' 1 
IIS' I 

3t»s” r 
0 1 

fi5 7^r 

4 H', 

2« y 'c 

100 O'; 

o r;. 


Asphaltic Onieiit 
l*n |iared from 
liermuili r Asphalt 

1 07 

225 

12 

2 ;t 

H 0 

<i2 2 

.5;t 0 
17 .5 
17 
0 

0 5 

1 : 

14 

11.5“ F 
i;i4r !•. 
rio" F 
:f 2',', 

340" F 

0 H 

97 

2 \% 

0 3* ;. 

lof) 

0 2% 

76 «% 


11.3). 


Pttvin* oomonts h..v« Ik-... »f mixturoK n,' Kil-.nito »n.l 

resill oil havioK a FnOn.t.on 77” P. of .W lo 1(X)'; al«« naxtun^a of Dalivx 
« V s pat of Jan 10 , 1911 to Clifford Kichardaon. 
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asphaltfi carrying loosely combined Bulph\ir-comfK)iin(ls heated together with vul- 
canizable vegotJible oils.* 

Preparing and Applying the Wearing or Surface Course. The aggregate 
should be heated to a uniform temperature between 250 and 375° P\, the 
asphaltic cement to a temperature l)etween 250 and 350° and the two 
mixed together in the required proportions. A special form of mixer 
used for this purpose is illustrated in Pig. 117. The mixing is continued 



Fk!. 117. -Mi\(‘r for Preparing Paving ( oniposilioti^. 

for at least two minutes. The mixture is brought to tlK‘ street in covered 
wagons, deposited at not less than 225 to 275° E. and rak('d into a layer 
which after compression with a roller weighing 8 to 10 tons, will form a 
wearing surface of uniform thickness from 1 to 2^ in. (h'pending upon th(' 
conditions to which the road will be subjected. Before the final rolling, 
the surface should be dusted with Portland cement or other fine 
powder. 

The deterioration of sheet lusphalt i>avcinenis is dne to: 

(1) Defective construction, including improjicr profwrtioning of the ingredients. 

(2) The actual wear and tear of traffic. 

(3) Aging due to exposure to the elements. 


»U. s. P»t. nf Drr. 7, IfllS to C. N. Fnrn'.xt. 
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(4) Unfavorable environment in<‘lu(linK severe ehmutie eoiuhtions, water, illu- 
minating gas, etc. 

These defects, due to one cause or another will manifest themselves by crack.s, 
general disintegration of tlie surface, formation of waves, ilepn'ssions, holes, chij)- 
ping or peeling of the wearing course, etc. 

Asphalt Block Pavements. Tlieso arc similar in composition to the 
wearing course of sheet luspluilt j)avemcnts, and in luldition contain smal’ 
broken stone or grit ptissing a J-in. screiui but relaiiual on a lO-mi'sli sii'vi' 
also fine filler. Tint To|K'kji sjK'cifications (]). 3(11) luive Imhui largely 
used for tliis purpose. It is advistd)l(‘ tlml tbi're slmuld }m‘ pivsent at 
leiust 20 jx'r cent of filler passing a 2(M)-mesb suwe, and not mon* than 3 
j)er cent of grit retaiiual on a 1-in. scrcaui. TIi(‘ aggregati' should ticcoid- 
ingly l^e c.omi)o.sed of a mixtmx* of grit, sand (or mixturi' of sands) jiiui 
tiller, in such {)roi)ortions ms to sccui(‘ the minimum ix'iccnlagc of voids.' 

From () to 0 iK'r cent of asjdialtic cement should lx* usixl, having a lower 
IX'netration than the c(*m(*nt usi'd in (he surface* mixtuK* of shert asphalt 
pavements (p. 370) but of a liiglu*!* fnsing-point (i.c*., 175 to 2(KF 
H. and U. metluxl, Test 155) to pr('V(*nl the bliH’ks Ix^coming distorted 
during trans|X)rtation, or when cx|x)scd in i:ih*s to tlu* h(*at of the* sun. 

The blocks usually measure 12 in. long by 5 in. wide, and (*itb(*r 2, 2>, 
3, 1 or 5 in. d(‘ep. They are made by cornjiressing in inohls at a nKKl(‘’'ntely 
high tem|x'rature (3(K)° F.) un(l(*r a pri'ssme* ( f 2 to 3 U>ns jH-r sejuare* inch. 
Tlu'ir s|X‘cific gravity at 00° F, should not lx* less than 2.50 if trai>-r(K*k 
grit is used, nor less than 2.35 when the grit is comjxiscd of lim<*ston(‘. 

Fouiiddlion 01 ' Asphalt blocks may Ix' laid on a foundation 

consisting of gravel, macadam or ])n'f<*iabl\ concrcti*. 3 he foundation 
course should Ik* cov(*red with a “ cushion »ir “ lx dding conrsi*, comiH)S(xl 
citla’i’ of sand 1 in. thick, or <'cnM*nl mortar \ in. thick, and the* hloi Ks 
embedded in the latter lx*fon* it commrn<x*s to s<*t. 

lAiyinfj the lilocLs. Bhx*ks an* laid clo.vc toge’tlx'r, r(*sling on tla* I- 
by 5-in. surfaces extending longtliwise acro.ss (Ik* street, the joints Ix'ing 
broken 4 in. T3iey should lx* wedged together as firmly as jxiKsibk* to 
close the joints lx*lween tliem, and ramnK*d into iilace. After lx*ing 
laid, the bl(x*ks an* giv(*ii a light coat of shaip, fine sand, w(*ll bnx>m(*d 
into the joints, and tlie pavement oix*iH*d to traffic in three to four days. 

A.sphalt hlock.s hjivc imyirovcd grc;.(ly m (lx* h-i few years aiul arc now capable 
of withstanding .'Severe traffic «ondilionH without fracturing They arc slightly 
more ex|x*n.sivc than a .sheet asphalt pavement, hut iK*nnit n'paira Ixung elTei t<‘d 
more* readily, and insure a more uniform comiMwitioii aWi a greater frwdom from 
Btructural fault.s 

>U S Cat KVOim of May 7, 1907 t-o f'liffonl 
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The great difficulty encountered in profX)rtioning the ])locks is to manufacture 
them sufficiently hard and infusible to withstand transfwrtation, and at the same 
time prevent the pavement being brittle in s(*rvice. This may be efTected by using 
a binder having a moderate |K‘nctration and a high fusing-|)oint. When properly 
made, the blocks will weld together after a time, Uj^on being subjected to traffic, 
80 that the joints l^etween them will liccome almost invisible. Sometimes they are 
anchored* in place with metal rods to prevent the blocks shifting. If the binder Ls 
too hard and brittle, instead of the blocks welding, the edges will chip and spall 
On the other hand, if the binder is too soft or fusible, the blocks will lose their 
8hai)e, becoming distorted, even before they are lai<l in [dace. 

Asphalt tiles suitable for paving floors and sidewalks are jirepared in a similar 
manner. 'Hiey arc stampcnl out in .s([uarc or hexagonal units The large square 
(8X2i in.) or hexagonal (10X21 in.) tiles are laid on a foundation con.sisting of 
6 to 8 in. of gravel and sand, and the small hexagonal tiles (tiXl in.), are laid on a 
3-in. foundation, in either case surfaced with J in. of mortar. 

Asphalt Mastic Foot-pavements and Floors. In the United States, 
asphalt mastic is restricttnl to the constnietion of foot pavements and 
floors, for waterproofing railway bridges (p. 432), also for lining reservoirs 
and tanks. In composition, it is similar to the Topeka asplmltic concrete 
(p. 301), l)nt it confuitis a larger pereentage of asphaltic-cement, so that 
it may l)c laid with greabT facility. It is differontiated from hituminous 
concrete, sheet asphalt pavements, etc., by the fact that the asfihalt 
mastic on being heated forms a thick and slowly flowing mass which may 
be poured into place. The mixlur(‘ on b(‘ing allowi'tl to cool partially, 
is compressed by hand-(row(‘lling to a smooth surface. Asphaltic con- 
crete and sheet asphalt pavements on the otlu'r hand, do not melt wiuai 
heated, but form an adherent, powdery mass, which uix)n being shovelled 
into place and rak(‘d .smooth, ref|uire compression underneath heavy 
rollers, to properly compact them. 

Asphalts Used. Asphalt mastic work constituted the earliest tyjx* of 
asphalt pavement (p. !.'>), and few ehang(*s hav(‘ b(*en niad(‘ in its mode 
of application since the inception of the industry. The first pioduets 
used in asphalt miustic construction were the native “rock asphalts,” 
including Val d(' Travers, Limmer, Seyssel, and later on Ragusa. The 
refined rock asphalt (previously heated to exp(‘l the moisture and volatile 
oils) WJiS first “cooked” over an o|x‘n fire in a suitable melting tank provided 
with a stirrer, and combined with a purer native asphalt, avS for example 
Trinidad (of \vhich about 8 or 10 per cent wUvS used), Bermudez, or with a 
residual asphalt, so the fini.shed batch carried 12 to 18 per cent of pure 
asphalt, the ba’ance being comix)sod of finely divided mineral matter 
(calcium carlxmate, silica, iron and aluminium oxides, etc.). The cooking 
was performed at 350 to 400° F. The mass was then run into suitable 
molds and thus cast into flat cakes weighing 50 to GO lb. each, customarily 
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stamped with the name of the asphalt used. These cakes w(Te known as 
“ rook asphalt mastic.’ To-day they are prepared from Trinidad asplialt. 
mi.vtures of asphaltites and flux, blown jM^troleuin asphalts and residual 
asphalts, combined with calcium carbonate or finely ix)wdered silica, 
all the injrredients l)cing conibined at once in a [Hutable rotary nnxer. 
The native rock asphalts first mentioned are all .still beinjr used abroad. 

The cakes of mastic ui)on beinj? trans|M)rted to the place where they 
are to be used, are melted with an additional quantity of “ flux,*’*' 
and mixed with sand and fine gravel or “ grit,” in the projK)rtion of alnnit 

— to — 

3 lO 3. 

A bniiul of mastic floonnfj im‘i)ar<Ml from a mi\furc of asphalt ifc ami rc^idii.il oil, 
which has pivcii very k^hxI result . s m .servict*. was fouiui 011 analysis to contain 
15 cent of pure asphalt, which in turn tested :is follows- 


(Test On) 

Ponot ration at ll.'i" F 

30 


Ponotration at 77® F 

11 


I’onotrulion at 32® F 

10 

(Tost Or) 

Consist( m \ at ll.*)® F 

13 0 


Consistoiicx at 77“ F 

2.". 7 


('onsistonox at 32° F 

4 

(Tost ihl) 

.Susooplihlllt V fiK for 

21 .S 

(Tost l.'in) 

I'using-point (lx Mild S iiKtloMh 

107® F 

(T«'st l.’Oi) 

Fusing-point (H and H method) 

210“ F 


Methods of PreportUton A well-known manufacturer recommends the following 
proportions: 

"Till’ Miixtur* shill roiisi'.t h> \x< lnht (if 

I{()(k a-pliJill rniiMfK Frinn fi> T>7 jmrti* 

.sharp ilr\ hiiikI and j;rit I roni .'la i(» .'is parm 

Mux 1 roiii a 1(1 paiU 


Total KM) KHI 

“The siind and grit to he dr>, .''harfi and so gr.-ideii that the voids shall Is* re- 
tluccd to a minimum, none of the particles lunning over J-in in diameter 
these materiaLs to Ik* mixed in mastic kettles in the usual manner (the kettle tem- 
IH*rature at no time to exceed 4(K)' F ), and .spread at a temiK*rature of from .dOtF 
to .SLJ.V 1 '’ . After sfireading and as the hot mastic cihiIs .and stds, it shall ho 

lightly sprinkltal with hard ,s,and ami ruhlH*d up to a smooth surface finish hy rneann 
of the usual smiKithing tools or floats” (Fig IKS) 

Tlie rock asphalt mastic <-ontains Ifi |M-r i-ent hy weight of pure asphalt, and the 
finished mixture including the flux is com|)Osed of the following: 

Pur*' a«iphiilt 17 H M 1% 

tirs’lx dixidf*) niinfrul matter pf isait in inimtie 40 2 47 

.Sami and KOt luided .'lO 0 38 0^’}, 

Total . 100 0 1(K) {)% 

'The “ flux" ma> ronsmt eitlier of refined Triimlad aKphult, (»r lU ouunalent (fiiaing at about 
ion® F . K and .S method), for hardening maatn floor* mibjeiled to high temisTaturea, or a tn<»de- 
rately soft asphalt (fuaiiig between IS.*) and F. K and K mellusl, penetration at 77^ K,. 

40 to 80, duetility by Dow method at 77® F 10 to 30) for a^ifteninK the maatlc where the floor* 
must remain olaatie under redurisJ temperature* 
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The quantities required to lay 1 cu. yd. (equivalent to 324 sq. ft. 1 in. thick) 
are as follows: 



Fluxed Gilsonite 
Mastic, 

Lbs. 

Limmer or 
Vorwohle Mastic, 
Lbs 

Rock asphalt mastic 

2170-2170 

2540-2680 

Hand and grit 

1430-1455 

1195-1360 

Flu* . .... 

275- 200 

165-170 

Total . 

3S75-.3825 

.3900-42<)0 


The Limrner and Vorwol.le rock lusphalt mastics contained 15 per cent of pure 
asphalt, and the finished (omposition 13.(1-14.2 per cent. 

1’he completed mixture contains therefore twice as much asphaltic cement as an 
asphalt concrete pavement, which accounts for the fact that the mastic may be 

melted and I'ho finely divided mineral 

matter present in the rock asphalt mastic assumes 
the role of “ filler.” The flux is not combined 
with the rock asphalt mastic in the original 
proce.ss of manufacture liecaase it is necessary 
to vary the consistency of the mastic for differ- 
ent purposes, by adding a larger or smaller 
proportion of the flux. 

Mastic floors and pavements may l)e laid 
over wood, concrete or masonry, in thicknesses 
varying from 1 to 2 in., deiKJnding u{x)n the 
amount of traffic to which they will lie subjected 
If the floor is over I in. thick, the mastic should 
lie laid in two layers of eipial thicknea-s, breaking 
joints. When laid over wooden floors, a sheet 
of tar- or asphalt-saturated felt (p. 3t)7) is 
first applied to prevent any trouble resulting 
from the wood shrinking underneath the mastic. 

... . When used for pavements out of doors, the 

Fig. 118.— Tools for Finishing Mastic g^ould lie laid on a Portland-cernent 

^ concrete foimdation not less than 3 in. thick. 

Additional formulas based on the use of 
mastic prepared from Trinidad asphalt proportioned so the finished mixture will 
carry approximately 12 per cent of pure asphalt, are included in Table XXXI. 

The ingredients are combined in a kettle over direct fire heat, with continual 
stirring to prevent local overheating or carbonization, or in a mechanical mixing 
machine having a rated capacity of 185 sq.ft, of finished mastic 1 in. thick per 
hour. The mixture is dipped from the kettle or mbcer with iron buckets and poured 
upon the dry and properly graded foundation. Its consistency is such that it will 
flow slowly, and the spreading and smoothing are performed with the trowels, the 
operation being similar to plastering. 

When the flooring is apt to come in contact with acids, in manufacturing estab- 
lishments or storage battery rooms, the rock asphalt mastic must be prepared with 
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Proportions by 
Woigbt. 


Siilfwalks 
CorrulorH, toiletn, 
stair tn-ads 
CVliars and eton- 
rooms, not '.-old 
Htorago 

Khojjs, (liitht traf- 
fic, etc ) 

Cold Htorngc 
Freight hoiiw's. 
platfortiiH, rail- 
road shops and 
dri\<-wa\H 
Colfl storage 
fioitoin course j 
'I'np course I 
Top course J 
Plating and acid 
Tank rooms 

Mottoiii rourw* ) 
Top coursi' I 
lleservoirs 


'^'oncrete 

C’oncrete 


C'oiicrctc 


ConenMe 

Concrete 


('oncrcte 


WimkI or 
C<trk 


( re(e 
or oihI 
Comretc 


Sa III! riling pools 
Walls and floors 


H H Bridges (o\er 
rrienilirane water- 
priKifing) 

Bottom course 


Com-rcte 


Top course 


Concrete 


As a waterpriaif- 
ing course alone 
Both ooursi's 


ConcreU' 


Concrete bridges 
on arches and 
under pave- 
ments 


Concrete 


Magatines and 
loading rrxrms 
notneavytraflfic 


Concrete 


Fillets and coves 


Concrete 


Acid tanks 


Concrete 

Wood 


TABLE XXXI 


B 1 

Mastic 



Mineral Aggregate. 
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Hemarks 


Foot traffic only 
thie-half hard fills 

siimeiiniCH 


Pn-ferably . in two 
I in lajers 

Preferably in two 
layers 

If under heavy 
traffic 

Cne-half hard flux 
sometimes 

Mastic protected 
with concrete or 
brick 

Bark of and under 
enameled brick 
facing 


Laid on jiaiH*r or 
dry felt 

Top course moii- 
fH’d with heavy 
coat of Trinidad 
asphalt cement 
and sanded 

T o p proti'cted 
with concrete or 
preferably brick 
with asphalt 
joints 

Applied on a 
primer coat of 
cold liquid aa> 
phalt, 

I'ngritted mastie 


Against walls, 
columns, etc. 

Mixtures and ap- 
plication vary 
with conditiona. 
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finely bolted silica ae filler in place of calcium c}irlK)nate. Where the wear is par- 
ticularly severe or a specially durable floor or pavement is to Ixj constructed, the 
mastic is customarily laid on a metal frame or grid, which becomes embedded in the 
floor and reinforces it in the same manner as the reinforcing metal in concrete 
The metal Incomes exposed as the floor wears down and retards further attrition. 

Asphalt rnastic may also be used for constructing foundations of engines, trip, 
hammers, or other heavy vilmiting machinery, to deaden sound and concuasion. 
In this case 40 jier cent by weight of the rnastic is mixed with (iO per cent by 
weight of broken stone, and tamped into place. It also finds a particular sphere 
of usefulness for waterproofing railway bridges subjected to severe vibration (sec 
p. 432), 

In Europe, asphalt mastic is also used for finishing the roofs of buildings, applied 
in two layers totalling J to 1 in. thick, also for the construction of subgrade water- 
proofing, including the “ dampcourse " of buildings. It does not, however, give 
satisfactory results on vertical surfaces exposed to the weather. 

Bituminized Wood-block Pavements. C’roosotofl wood-blocks arc 
being used extensively for paving roads, foot-paths, floors of buildings, 
etc. 

Methods of Impregmiiions. The “ Proposed Tentative Sj)ecifi cat ions 
for Wooden Paving Blocks ” issued by the American Society for Testing 
Materials, 1917, provide that: 

" The wooil, which shall bo treated, shall be Southern yellow pine, Dougla.s fir, 
tamarack, Norway pine, hemlock, or black gum. Only one kind of woo<l shall Iw 
iwed in any one contract. The blocks shall be sound and must l)e well manufac- 
factured, square-butted, square-e<lged, free from unsound, loose or hollow knots, 
knot holes, worm holes, and other defects such jis shake.s, checks, etc , that would 
1)0 detrimental to the blocks. 

The numk'r of annual rings in (he 1-in. which begins 2-m, from (he pith of 
the block .shall not 1k' less than .six, mea.sured radially; provided, howi'ver, that 
blocks containing lad ween five and six rings in this ineh shall be accepted if they 
contain 331 i)er cent or more summerwood. In case the blo(>k does not (‘ontain 
the pith, the 1-in. to 1k‘ u.sed .shall begin I-m. away from tlie ring which is nearest 
to the heart, of the bUick. The blocks in (*ach charge shall contain an averagi' of 
at least 79 per cent of heartwootl No one block shall l)c accepted that contains 
less then 7)0 [kt (X'lit of heartwood.” 

The size of (he blocks rangi's as follows: 

Depth lietwtH'n 3 and 1 in. dej)endmg iqion the .si'verity of the traffic to which 
they are to Im’ subjected, u.sually 3 in, for light traffic, 3i for medium and 4 in. for 
heavy traffic conditions. 

Width should Ik' unifomi for any particular jiavement, but may vary l)ctween 
3 and 4 in. The liest practice provides that there should l)e a difference of not 
lews than J in. lietwcen the width and the depth, which under no circumstances 
should 1)6 made equal. 

The length will vary in any particular lot, l)etwecn 5 and 10 in., averaging about 
8 in. Blocks 3 in. deep should not exceed 8 in length, blocks 3J in. deep should 
not exceed 0, tind blocks 4 in. deep should not exceed 10. 
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After removing the bark, the wikkI is cut into planks (‘quailing in thickneaa the 
width of the finished block. The planks are then run through a planer, trimming 
them all to exaclly the same size (insuring a uniform width of the finislied blocks), 
and finally through a set of gang-saws, which cuts them into the finishc'd blocks. 

Formerly, the wixxt was >eason(‘d out of dtsirs from four to twelve montlis, 
de|X‘nding Ufxin the kind of w(kk1, its dmiensions, the si'asoii of the year and the 
loiahty. At (he presi'iit (me (his process is aecileratcHl by sti'aming the blocks 
for tw'o to four houro m steel cylinders varying m size from (i ft. in diameter by 
42 ft. long, to 9 ft in diameter by 172 ft. long. In this In'alment, live steam is 
introduced at not e.xceedmg 2(1 lb. pnvsMin* iK‘r s(iuar(‘ inch, raising the tem|)era- 
ture lietween 220 and 210“ F After the steaming, the cylinder is subjected to a 
vacuum of not l(*s.s than 22 m maintained for at least one hour, to withdraw’ the 
moisture and retinous matters This is coiitiiiued until the blocks an* thoroughly 
dry, wliereuiK'n the cr(*osote oil heated to ISO 220“ F , or a mixture containing KO 
[K*r cent zinc chloride and 20 |K‘r cent crt‘o.s<»(e • h intriMluced. The pn'ssun* is 
apjihed gradually, not to exceed .'iO lb. at the end of the first hour, nor 100 lb. at 
the end of the second hour, and (hen niaintame<l at not I<‘ss than 100 nor more 
than l.'iO lb. until the piu|K‘r inqiregnatmii has Is'en attaiimd. The oil is pum|N'd 
from the cylinder .and the blocks alhiwed to dram for alnuit a half hour at a 
tenijH’rature of 2(K)“ F. under a vacuum of at least 20 in 'Phe (piaritity of pre- 
s(‘rvative intriKluced sh<»uld range laMween fi and 12 lb |s‘r cubic f<K>t, with blocks 
us(>d for floors, and from 12 to 20 lb jH-r cubic bsit, averaging 10 lb., with blocks 
used for paving roads The function of the pre.servative is twofold, namely: 

(1) To prevent (he wood from decaying, due to the ravages of fungi and moulds. 

(2) To watcrjirtKif (he block.s, preventing them from warping or swelling. 

1'en iKiunds of the preservative per cubic f(K)t ore .sufficient to pri'serve the blocks 
fnun decay, although a l.irger quantity must l)0 us(*d to secure the najuinal water- 
jiroof projX'rtU's do completidv w.atcrpnMif the blocks 2.'i lb. woulil lie n’(|uired, 
which IS more than ordinarily* iwal in practice 

Creosote Preserrotires. The so-ctillcd “ (•r(‘OKotc ” prt’scTvaiivoM include 
(be following products: 

(1) Distilhitc.s from gjts-works coal tar or cokcMn’on coal tar, known 
coinnicrcially as “ di.stillate oil.” 

(2) Mixture's of tin* foregoing ” di.stillato oil ” with not oxcoeding 
.‘If) ix'r cent of ti gtus-work.s coal tar or cokc-oven coal far, containing 
prcf(‘rably 5, but not cxircding 25 p(*r cent fr(‘c carbon.’^ IbTincd 
or filtered tars are recommended for thi.s purpose. 

In u.sing the creosote, care should be taken to prevent it becoming 
contaminated with water.’^ 

The creosote preservative shall comply W'ifh 'he following specifitattions, where A 
and H represent a pure dustillate from gas-works coal tar or coke-oven coal tar; and 
where C, I) and E represent mixtures containing at least 05 per cent distillate oil 
from gas-works coal tar or coke-oven coal tar, and the balance a low carlwn ga»- 

»U .s P«t. 81.^.404 of Mar. 20. 1900. to J. B. Card. 

* Proc. Am Sock/ Pre$. Antoe., If, 82,^, 1916. 

*Ibid , 827. 1915. 
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works coal tar or coke-oven coal tar. Specifications A and C arc published by the 
Committee on Wood Preservation »; D by the Committee on Standard Specifica- 
tions of the Creosoted Wood Paving Block Bureau whereas B and E constitute 
tentative sfiecifications of the American Society for Testing Materials.* 




1 B 

C 

D 

E 

Sp (ir fit .“Ik® C (Tcit 7d) 

>1 06 

>1 06 

1 06-1 12 

107-1 11 

1 07-1.14 

V isrosity (Krijcler method) at 82® C/20®C. (TestSa) 

<1 15 

i<l 15 

<1 3 

<1 2 


Ii»eil (firhon (Teat 19) ... 


<2% 



<10% 

UiaUlItttion teat (Teat 20). 

Up to 210® C . 

<5% 

<5%, 

<5% 

<5% 

<5% 

Up to 235® C 

<15% 

<15% 

<30% 

<30% 

<25% 

Up to 315® C 



3,5-70% 

>50% 


Up to 355® C .... 



>6.5% 

>70% 


Spxr. (Iiatillate 235 31.5® C at 38® C./15.5® ('.. 

>1 02 

>1 03 

>1 02 

>l 03 

>1 03 

8p trr. diatillate 315 .3.55“ 0 at .38® C /15..5® C 

>1.09 

>1 09 

>1 08 

>1 08 

> 1 09 

Sp.ar, reaidue above 355® U at 25® C./15 5® C. 

• 

* 

t 

>1 23t 

t 

Iiiaoluhio in hot benzol (Teat 24) 

<0 5%. 

<0 5% 

<3%, 

<2 5% 

<3% 

Water (Teat 2.5) . 

<3% 


<3%, 

<3% 

<3% 


♦If >10%, the ruMulue ihall have float teat at 70® C of <.'i0 spfoiula 

t If >3r>%„ (lie n'Bidue ahall have float teat at 70® T of <S0 aecoiula 

t If reaulue ia oryatalline, firaiiular and noii-durtde, it ahall have p. apeeifio f^-avity of <1 14 


at 25® C /15 5® C. 

The city of ('hicago specifies: (1) That the creo.sotc oil shall have a specific 
griivity of 1.10-1.14; (2) leas than 22 per cent sladl distil below 235° C., and les.^ 
than 40 per cent Mow 815° C.; (8) the residue after distillation to 355° C. shall 
1 h‘ plastic and not lirittle at 77° F., and shall produce a clear amber-colored spot 
on filter pajicr when warmed; (4) the distillate obtained l)etwecn 250° and 315° ('. 
shall contain not less than 5 per cent of tar acids nor more than IJ per cent of 
unsajwnifiablc matter. 

Mixtures of distillate oil with a certain proportion of refined tar are supplanting 
the use of the oil (done, for the reasons that: 

(1) They are less exfiensive. 

(2) They waterproof the blocks more efficiently. 

(3) 'fhey volatilize less readily. 

The presence of too much tar in the creosote mixture interferes with the pene- 
tration, due to the fact that the tar has a greater viscosity than the distillate oil 
at hi»h tem|)eratures. An excess of free carlion in the tar will clog the pores of the 
blocks and similarly interfere with the jienetration. 

Foundation Course. This will vary in thickness depending upon the 
traffic, consisting of a Portland-cement conereto 5 to 9 in. thick, 
usually averaging 6 in. A 1 : 2} : 5 concrete with a smooth-trowelled 
finish is recommended. 

Cushion Layer. The best practice requires the blocks to be em- 
bedded either in a “cushion” or Portland-cement mortar, or a coating of 
coal-tar pitch and sand. Where mortar is used, the blocks arc laid ia 

^ Proc. Am IVood Prts j4««oc , M, 1916 
tpToc. Am Wood. Preo. Atsoc., 1, 44, 1915. 

• Prot. Am. Soc. Testing Materials, 1917, Standards. 
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a 1 M Portland cement mortur } to I in. thick.’ The mortar should l>c 
prepared as dry as |)ossihle and the blocks rammed into place, forrninj^ 
a level surface free from depressions. The pavement must be c1()S(m 1 to 
traffic until the cement mortar sets. 

Where the blocks an* to be emlHHlde<l in a coal-tar pitch cushion, a 
c )ating of heated pitch is spr(‘ad on the concr(‘te foundation and wjiilc hot 
the blocks are rammed in place. 

The English practice, which now seems to be gaining favor in this 
country, consists in con.st meting the foundation course as smooth and 
level as possible, laying the blocks in place, and tK)uring hot tar between 
the crevices. The tar will first work its way underneath the blocks anil 
cement them to the foundation, and the pouring is continued until the 
joints are filled half way to the surface. The joints uit‘ then filled 
with a grout of Portland cement. This prwedurc' prevents “ bleeding.’’ 

The blocks may 1 h* laid ui rows lather jK'riK'mlnulnr to the curl), or at angles 
varying from 4.5® to 07i°, the latter having the advantage of conforming to the 
expansion and contraction of tlic pavement without the necessity of providing trans- 
verse expansion joint.s. \\’hen‘ the blocks are laid at right angh's to the curb, J in. 
transverse expansion joints (pagi' .W) should Ik* intnalueial every .50 or 150 ft. 
In all cases, an expansion joint J in. wide, should 1 h* provided iH'Ivveen the blocks 
and the curb, comiK)s<‘d either of a preformed bituminous strip (p. .’W.4) or a melted 
bituminous rni.xture having a iK*netration of ,'10-40 at 77° K ('I'est Oh) The blocks 
nuKst Ik* laid as close together as |M).s.sible. with joints not exmnlmg I in., and levelled 
with a roller weighing not le.ss than 4 tons 

Filling the Joints. Throe tyi)o.s of fill(‘rs arc (*mpIoy(*d for wooden 
paving blocks, viz.; sand. Port land-cement grout or a melted bitumi- 
nous conii)o.sition. The last named is u.s(*d most fri'tiuently."’ When 
dry sand is selected, it should Ik* of a fine texture and spread with 
a broom. Sand is the lejist efficient form of filler, but in time it will 
mix with the creosote oil or tar exuding or “bleeding” from the blocks, 
and form a mastic lx;tween the joints. 

Portland-eement grout should Ik* composed of eipial volumes of 
cement and fine .sand, made up with whaler to a fairly liquid consist- 
ency, and after l)eing swept into the joints, the pavement should l>e 
closed to traffic until it sets. 

The characteristica of the bituminous filler will be de8cril)ed on 
p. 382. It is swept on the surface in a melted condition, and has the 
advantages of augmenting the waterproof properties of the blocks, at 
the same time providing for their cxi)ansion and contraction. The 
bituminous filler is covereti with sand or chips or with a cement grout, 
to obviate any tendency of the pavement tracking. 

' Record, TJ, 154, 1916 *1' S I’at 71,746 of I)iv ,3, 1867 to Alexander Ilaniar 
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General ConsidenUbm. A wood-block pavement wheh properly constructed is 
extremely durable even under heavy traffic; it may readily be repaired and is less 
noisy than any other bituminous pavement. The disadvantages are its slipperines? 
in damp or snowy weather, and the fact that under certain conditions it is apt to 
" bleed.” The latter manifests itself by the soft bituminous matter exuding in 
summer, and lieing readily tracked about. 

Bleeding is caused by intnKlucing too largo a proportion of the creosote mixture 
into the blocks, and is likely to occur when more than 16 lb. are used [ler cubic foot. 
It will also occur when the pavement is not provided with expansion joints, in 
which event the comprc.s.sion brought about by expansion, will squeeze some of the 
creosote from the pores of the blocks. 

Bituminous Fillers for Wood, Brick and Stone Pavements. A " bitu- 
minous filler ” is the name applied to a bituminous substance introduced 
into the joints of wood-ldock or brick or stone pavements by melting 
and pouring. It must adhere to the bricks or block.s in cold weather 
without loosening or chipping under the impact of traffic, or when 
subjected to strains brought about by contraction or settling of the 
pavement. The filler must accordingly ix).s.se.ss great adhesive strength 
and ductility, and must also be sufficiently resistant to high tem- 
peratures not to exude from the surface, or run out of the joints. 

( haracteriifticH of Jiitutninoua Materials Used, The same classes of bituminous 
materials have lieen u.sod for fillers as the bituminous cements of bituminous con- 
crete pavements (p. ;p>5), and they should comply with the following chnracteristic.s: 



.Vsphaltic I'lllera 

Pitch Fillers 

96) Penetration at K 

<1,10 


Ponotratron at 77° P 

2.1 t'*0 


Penetration at .‘)2° K 

>20 


(Teit lOa) Ductility nt ll.')® F 

>.10 

>.10 

Ductihly Bt 77° F 

> 10 

>10 

Ductility at .32° F 

>l 

>i 

(Teit 11) TeiiBilo strenKth at ll.^® F 

>0 2.1 

>0 25 

Tensile strenKth at 77° F 

>2 5 

>2 5 

Tensile strenKth at .32° F 

>7 .1 

>7 5 

(Test 15fl) FusiriK-point (K and S. method) 

140 100° F 


(Test 1.16) FutiuK-poiiit (It and U. nethod) 

100 180° F. 


(Test 15c) FuiinK-point (Cuho method) 


130-140° F. 

(Test Itki) Volatile at .32.1° F. in 5 hrs 

<2% 

<•1% 

Volatile at .100° F. in 4 hrs 

<.1% 

<8% 

tTeet I7a) Flash-point 

>.3.10° F. 

>3.10° F. 

(Teat 20) Distillate under 000° F 


<8% 

(Test 21a) Soluble in carbon disulphide 

>W.% 

60-80% 

(Teat 216) Non-mineral matter inaoluMc 

<2% 

20 40% 

(Teat 21c) Mineral matter 

<1% 

<1% 

(Teat 22) Carbenea 

<2% 

<5% 

(Teat 23) Soluble in 88-* naphtha.. 

1 

65-7.1% 



N.B. Pitch fillers in view of their low fusing-point should only be u.sed where the 
joints tietween the bricks or blocks are to be filled with fine gravel, which will f«*rve 
to hold the pitch in place. 
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Filling the Joints. With Iriek and st/)iie blwk pavcmenta, the 
courses should be laid with joints | to J in. wide. When a pitch filler 
is to be used, the joints are half filled with 1 to j in. hot gravel (con- 
taining not over 25 per cent of the j-in. size). I^fore the gravel cools, 
the joints should be filled half way to the top with filler, then to within 
J in. of the surface with hot gravel, and lastly poured full with filler. 
In performing the work, the pitch should l)e heated fiom 250 to 325® F., 
but never exceeding the latter. When asphaltic filler is used, sand or 
gravel arc unnecessary. The filler is heated from 3(K) to -150® F. and 
poured into the joints until completely tint'd. A top dressing oi sand 
should be spread over the filler while hot to fonn a wearing surface. 

The joints of wood-hlock iKiveinent# are f»)rim*d i\a closely as p<wil)le, and the 
melted fillor poured over the entire pavement and worked into the joints until flush 
by sernpina with a wiskIcii or niblier .squeegee, or a broom, whereu|K)n the entire 
pavement is sprinkled with fiiMi sand or gravel. 

Bituminous Expansion Joints. These are composed of bituminous 
strips 5 to IJ in. thick, nuule up with or without a felted or woven 
fabric or metal reinforcement. They are usi‘d in connetdion with con- 
crete or block pavetnents and installed Ixdween the pavement and curbs, 
also transversely across th(‘ pavement to take up th(‘ oxpansivt' and 
contract iv(‘ st re.s.ses and .strains. Wh(‘n expansion joints are not ijs(‘(l, 
a concrete pavement will crack in cold w(‘ather Isoausi* of the iiadasticity 
of the concrete, and have a t(*ndency to buckle or biilgi* in hot weather. 

Modern practice calls for longiUidinal expansion joints along the 
curbs, and transverse joints spacwl at intervals of 40 to 75 feet. The 
width of the expan.sion joint .should ef|ual the lhickne.ss of tin* pavement (3 
to 8 in.) 

Four tyfies of bituminous expansion joints are in u,se, viz.: 

(1) Premoulded Stnp» of high ptmng-}Mnnt HUumitwm Compoailions. Thew* ‘ ('on- 
sist of blown asphalt of a high fusing-point (.50 parts) mixed with sand (50 parts) 
and shoddy-dust (25 parts); or of a bituiniiiouH mixture * cast in moulds 0 ft. king, 
whose thickness rorrespond.s to the size of the joints (1 to 1} in.) and width to the 
thickness of the pavement (3 to fl in ). ITie approved mixture consists of gralmmitc 
21 per cent, residual oil derived from non-asphaltie fx^tnileum 49 per cent, and soft 
native a.sphalt .30 per cent. Hie presence of the soft native asphalt enaliles residual 
oil derived from non-asphaltic petroleum to flux with the grahamite. 'I'hc fusing- 
point of the combination should lx? in excess of ItK)'’ K. (Hall and Ring method). 
The mixture is claimetl to possess the required elasticity, cohesiveness and resistance 
to temperature changes. In winter, however, the strips must be transported very 
carefully for they would break into small pieces if allowed to drop. 

*U. 8. Pst. 1,134.939 of Apr 6. I91.> to Jamet Htnivall. 

*U. 8. P«t, 1,207,.W4 of Dec. 6, 19U1, to C. N. Forreat, 
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Longitudinal strips should be i in. thick for streets less than 20 ft. wide, J in. 
for streets 20-30 ft., 1 in, for streets 3(^40 ft. and IJ in. for streets over 40 ft, 
wide, placed parallel with, and at each curb line. Transverse joints J to 1 in. 
thick should be spaced not less than 40 ft,, and extend the full width of the brick, 
wood, stone block or concrete pavement. 

A proprietary product composed of gihsonite fluxed with l)lown petroleum asphalt 
tests as follows: 

(Tp*t \)h) Penrtrution at 115“ F .50 CO 

IVnetration at. 77“ F. .... 35 40 

IV- etratiim at 32® F 20 30 

('IVat l.5/>) FimitiK-piiint (11 arul U. method) ... 240 2.55* F. 

(Test 21u) Soluble in carbon disulphide 00 5% 

The Commission of Highways of the State of New York, m s|)ecifications issued 
April 1, 191t), stipulate; that the expansion joint slmuld project at least 3 m. above 
the finished surface of the pavement at all Iran.svcMse joints 1’hey idso specify 
the premoulded joint to test as follows: 

(Test 7) Specific Kra\ity at 77® F.. ... 0 OH 1 0.5 

(Test 05) Penetration at 115* F . . I.m than 45 

(Test 06) Penetration at 77“ F... . 15 35 

(Test 06) Penetration at 32“ F . . Croat er than 12 

(Tost 156) FusinK-point (H. and it method) 220-2.50“ F. 

(Tost 111) Volatile matter 5 hrs at 325“ F ... less than V( 

(Test 2ln) Soluble in carbon ilisulphide . (Ireater than OH 5‘’J, 

(Test 24) Soluble in carbon tetrachloride Croatcr than 00 8% 

(Test 24) Soluble in 70* naphtha .50 75% 

A modific.tion conwists in eomingling felted fibres with the bilummou.s matter in 
the presence of water, by forcing them through a |x;rforated plate, and after evaiM)- 
rating the water, moulding the mixture to form the joint.' 

(2) Joints Contfmfd of a Thick Ixiyer of Ihtmmmus Mnicnal licinf arced on Either 
fiurfnce uith Sheets of Plain or Bituminized Fabric. This joint is romjwsed of two 
layers of untreated felted fabric,* or woven fabric impregnated with jusfihalt ^ (page 
408) and earrying a relatively thick layer of bitummou.s composition lietwcen, 
similar to the foregoing. The function of the fabric is to strengthen the joint, and 
enable it to be trunsfwrted in cold weather without danger of fracturing, thus over- 
coming the objection against the foregoing type. 'Pho bituminous layer in the centre 
should have a high fusing-|)oint (above 185” K., K. and 8. method) and preferjddy a 
low susceptibility factor. It may l>c composed of asphaltic constituents, sometimes 
mixed with 25 to 50 jier cent of finely divided mineral matter (calcium carbonate, 
shale, clay, silica, fuller’s earth or slate), or from 15 to 30 per cent by weight of 
ground wood (“ wood flour ”) or fibrous matter. The function of the filler is to 
increase the toughness and resistance of the mixture to temperature changes (see 
page 340), and in certain cases to reduce the ctwt. 

The joint is manufactured in a continuous sheet on a form of roofing machine 
(p. 405), in which the two layers of bituminous felt previously impregnated with 
saturant (p. 395) arc fastened together by intrwlucing the melted or plastic bitumi- 
nous composition in between, carefully adjusting the thickness of the assembled sheet 

>U. S. PaU. 1,156.122 of Oct. 12, 1915, 1,166,166 of Dec. 28, 1915 and 1,240,634 of Sept. 18, 
1917, to J. C. Wootlley; 1,177,267 of Mar. 28, 1916 to R. P. Perry. 

*U. 8. Pat. 1, (MO, 003 of Oct. 1. 1912 to James Adkins, Jr. 

»y. 8. Pat. 1,248,909 of Doc. 4, 1917. to H. B Pollnr, 
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to corre8iK)nd with (hut of (ho joint doxirod. The width of the shoot should similarly 
cotTe8|x)nd to the length of the oomplettHi Joint (UHiiiilly ti ft.). \N’hen the usstmibk^d 
sheet has cooled, it is cut transversely with ineehunicHlly actuated knives, into 
8tri|)8 3 to 6 in. wide, de|X‘nding the thickness of the imveinent for which 
they are intended. In crotw-si'ction u fiaving joint of this tyjx* corresponds with 
"Ty(x* E,” Eig. KK) (p. 5(U), with the interni(Hliaie layer of suliatantial tliickness 
and coatings omitted. 

(3) On^or More iMyersof Bitiimtmzed Fabric, the LatUr VcmtoUtl u ilh a BituminouA 
Adhem'e. One form of jiaving strip is cotn{xised of a siiigh* layer of tarrwl felt 
(p. 395);* another consists of a strip of a woven fabric saturated and arnted with 
lusphalt, having {larticles of cork or sawdu.st einUxlded on tlie surfaces*; and still 
another is com|)ose<l of three or more layers* of asphalt-saturated felt (p. 395) 
cemented together with coiiifiaratively thin layers of an asphaltic adhesive. The 
strip when UKsemhled vanes from J to J in. thick, and the raw felt slu'eta range from 
No. 50 to No. 75 on the felt marker’s scale (p. ,‘kS9). 

In manufacturing this form paving joint, one or more webs of felted fabric are 
first im()regnate(l imliVKhiali) with melted asphalt, usually (piile soft in consist- 
ency (fusing-piorit IKl-ltO'' F. K and S. metlnxl), ami an' then joined by com- 
paratively thin layers of a harder asphaltn* mivture (fusing-iK»ini 140 1S0“ I-'., K. and 
S. melluKl) The outer surfai*<*s an* not coated. The width of the web corn'sisinds 
to the length of the paving joints (u.'^ually ti ft.). After tin* webs an^ sealed together 
and allowed to (*tK)l, they an* cut into strips corrcs|M)nding to the thickness of (ho 
pavement. 

(1) Armored Ihtumimzal Fabric. Another tyiie of paving joint adapted solely 
for concrete roads, known as an "arnmn'd joint,'’ coiwists of a layer of bitiiminiw'd 
fabric reinforiH'd on cither side by a thin metal plate. The joint may either lie 
fiat or corrugated, < and <he up|xT part constructed with flanges or projeetion.i to 
protect (he edges of the adjai'ent conen'te si'ctions. 

Another iiKKlification is cotn{x>s4>d of a strip of high fusing-jxiint bituminous 
com|K).sition (similar to ty[><' 1) reinforml in the centre with a metallic con* of wire- 
nie.sh * Still another con.msts of a strip of high fusing-jxiint bituminous comjiosi- 
tion protected on the .surface with a (rougli-sha|M'd shell of wire mesh to which in 
turn paper or cloth is ci'iiiented fa.st.* 

' t' .S I’at l(r...Wl of Jill 1'). iSTOfoJ J .‘<i liillinK<*r 

M' S I’al M.'».I7») of li.f. 17.’ iwifl to 1 K Muir 

M .'i Tat 1 220.7MI of Mhf 27. 1017 to W. J M. i lW 

‘I ,s I’af 1,241,10.') of .''(•|) 2.'), I!M7, to Willm K 

‘ (' .s Put 1,07S,9H2 of Nov, IS, 1013 to jRrnm Hanwi'II , 

•U h Tttt 1 .0K5 275 ot Jan 27. 1«14 to W. P LoiinUle, 
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BITUMINIZED FABRICS FOR ROOFING, FLOORING, WATER- 
PROOFING, SHEATHING AND INSULATING PURPOSES 

SHEET ROOFINCJS 

These are composed of a single layer or a plurality of layers assembled 
together, each composed of a woven or felted fabric, saturated, coated 
or both saturated and coated with bituminous coni^wsitions, and in 
sp(‘cial cas(‘s reinforc(‘d with metal. The finished structure may be sup- 
plied in flat sheets or wound up in rolls of suitable length and width. 
These fabrics and bituminous mixtures may l)e assembled in innumerable 
combinations.^ 

Felted Fabrics. These are generally formed of rag or asbestos fibres, 
with or without additions, on a machine similar to that used for manu- 
facturing paper. If rags are employed, they are first run through a 
series of revolving knives known as “ cutters,’’ which shred them into 
small fragments, and then into the beaters,” where they are ground into 
a pulp with water. A l)eater separata's the strands forming the cloth 
intf) the individual fibres without materially shortening them. A charge 
is beaten one-half to three hours until all the lumixs have been broken 
up, whereupon the “ pulp ” is passed through a “ screen ” to nmiove 
any foreign particles, and then run on the felt machine (l'’ig. 110), 
where it is formed into a sheet of predetermined thickness. Cylinders 
1 and 2, covered with fine wire cloth, are partly immersed in the tanks 
T-T containing the beaten rag fibres sus|M*nded in water. As the 
cylinders revolve, the wire cloth acts as a strainer and picks up a layer 
of fibres, letting the water run to waste. The machine is equipped with 
three endiess webs of cloth, 3, 5 and 10. Cloth 5 is first pressed in 
contact with cylinder 1 by the couch roll 11, causing the fibres to adhere 
to the cloth. Cylinder 2 similarly adds a layer of fibres under pressure 

* Rrfmntn, *' Heady Hoofing Miata and Myateriea,’’ by The Northweatern I.umbermen’a Aaao- 
elation, Minneapolla, Minn., 1911; “ Hoofing Matenala Committee Report," Bull Am. Ry Eng. 

14 , 839, 1913; " What ia your Market -an Analjaia of tha Hoofing Situation," by C 
D. Merecr, Curtia Puhliahing Co., Sept, 1916; " Die Fabrikation der Darhpappe und der Anatrirh- 
maaaa fQr Pappdichar," Dr, E. Luhmann, 2d Edition, Vienna, 1902; " Wie eine Moderne Teer- 
deatUIatioQ mit Darhpappanfabrik eingerichtet aein muaa," by Willy Pateraon'Kinberg, Vienna, 1004 
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of the couch roll 12. The suction box shown 
alongside rollers 11 and 12 draws the surplus 
water from the newly formed sheet of felt, 
which then passes between cloths 3 and 5, 
where it is subjected to gradually increased 
pressure by the rolls 13 and 14. At roll 14, 
the upper cloth 3 returns, while cloth 5 carries 
the sh(*et of felt to 15, where the felt now 
just strong enough to hold together, leaves 
cloth 5 and fMi.ss<*s between prt'ssure rtdis 
against the tliird cloth 1(>. The felt is now 
carried over a series of steam n)lls S, of which 
modern felt machines are e(}uipp(‘d with 55 
to (i5. These* exfx*! the remainifig moisture, 
whereuf)on the sheet is given a sm(M)th surfaee 
by the cah'iider rolls 1), and wound into rolls 
at 10, while at 10' the wide slart is slit 
into narrower sluots either 32 or 30 in. 
wide, and automatically rewound into rolls 
by tlie winders shown at the extreme 
right. 

I'clt AK^niatioiiof tla' I'nilcii 

States nrogiii/eH .si\ el.i>M*.s of raw materials f«ii’ 
making roofing felt, vi/. . 

Sn 1, fhigx "rhesr* eonofitutc soft rags 

carrying a |M‘recn(ag<‘ of and include satinet 

garments, men's coats, jiants, vests, inival linsies, 
N'ams, women’s coats, sacks and cl(»th skirts. 

i\o 2, Hoofing Rogx. Ihc'se consist of cotton 
nigs, .and include large and small cotton rags, 
linings (without scans), silk rag^ rag car|H'ts, print 
rags {ind stockings. 

So. 3. (tunny Hogging 'I lies<’ iiicliKle bags and 
sacks free from fertilizer, iliarcoal, coal, n>men(, 
chemicals lime and plaster 

So. 4, ('arj/tlx. These include Brussels and hard- 
back cariH'ts. 

No, 5, Roofing Ragx. 'bhis chws includes: (o) fjtilor 
rags free from all nibbish and pa|x;r; (h) tailor 
rags containing not over 10 ix*r cent paiier; (c) 
tailor rags containing over 10 per cent but not 
exceeding 50 per cent of [Wfier. 

No. H. CHy Dump Rags. Including rags of all 
burtii, and of variable composition. 
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Miscellanemis Materials. Including canvas, window shades, strings and buckram.* 

The following fibres are present in the foregoing classes of materials: 

True rag fibres, including: (1) cotton and linen fibres; (2) wool and silk fibres; 
(3) jute and manila fibres. 

Paper fibers, including: (1) mechanical (i.e., ground) wood pulp; (2) chemical 
wood pulp (sulphite and sulphate). 

No. 1 rags, contain cotton (and linen) also a percentage of wool (and silk) fibres. 

No. 2 rags, contain mostly cotton fibres. 

No. 3 rags, contain cotton, also a percentage of jute and manila fibres. 

No. 4 rags, contain mostly jute and manila fibres. 

No. 5 rags, contain cotton and wool with or without paper fil)res. 

No. b rags, contain a mixture of all the fibres pre.sent in the previous classes. 

The various chiases of nigs are mixe<l in suitable proportions in the manufacture 
of r(K)fing felt. Clas-scs 1 and 2 tend to “soften ’’ the felt, and oi)eii up its iwres 
thereby enabling it to absorb a larger iKircentage of bituminou.s sjituration. Cla.ss(‘.s 
3, 4 and 5 tend to “ harden " the felt and make it le.ss pliable, les.s absorl)ent and 
denser. Class 6 acts variably, de|K‘nding uixm the composition of the rags u.sed. 
It is customary to mix Classes I and 2 with Classics 3, 4, 5 and 0 in })rojK)rtions 
ranging fropi 5 : 1 t o 1 : 2, d(‘i)ending uiK)n the nature of the rags available, and 
the (juality of the felt to Ik? manufactured. 

A high gnuie, roofing felt made u[) approjiimately of 7r>-,S() iK‘r cent “ soft ’’ 
rags and 2(1-25 ^wr cent “ hard ” rags, will show the following comi)o.siti()n on exam- 
ining the finished sheet microscopically (.see p. 5b<S): 


Cottetn Hlirca, '■,() 70';;, 

Wool fihrt'a . . 10 20';, 

Jute aiul iiiatiiltt lihrcB 15'; 

Wood fibres (pHp«T) 1 o'J, 


Roofing felt is often sjwken of as “ wottl felt,” but this term is .somewhat of 
a misnomer, since no roofing felt is composed fnlirdi/ of wool fibres. It is impracti- 
cal to manufacture r(K)fing felt from wool fibres alone, jus they are so .soft and fluffy 
that they will not form a satisfactory sheet on a felt machine. It is necessary to 
have other fibres present, to pnxluce a strong, compact sheet, not to brt'ak on the 
calender rolls or dryers, and to absorb the f)ro(H'r ix'rccntage of bituminous satura- 
tion afterwards. 

The durability of the various fibres is in e.xact protiortion to their prices. Their 
comparative costs, taking wool as l(X), are approximately as follows: 


Wool ... 100 

Cotton. 

Jute ami innnila. . ... 44 

Paper (including mechanical and chemical wood fibres) .... 20 


Wool fibres are most durable and least affected upon contact with moisture or 
the sun's rays. Nature provides wool for covering animals to protect them against 
exposure to the elements. Cotton fibres come next in durability. It is significant 
that cotton has always l)een used for making sail-cloths and covering porches or 

‘The aeeociation namee the following material* aa being unauited for manufacturing roofing 
felt, via,: ihoe rutting*, felt boot*, coraet*. auapenders. oil cloth, matting. leather, rublier, rope, 
mackintoeh cUppingi, pasted itgek, wood, etonei, metal* of all kind*, tin can#, glaw, bottle*, 
Mboi, bone*, excel*ior, etc, 
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(ietks of steajuera o\[)08Ptl to (he weatluT. Most of m have oUwrveil how much 
mor(‘ nipidly jute and iinuida fibres, as for example in the forni of burlap Imping, 
Hill decay, than cotton or wool. Pa|a*r fibres require little (*oiunient. Kvi'ryone 
knows that a newhpajx'r warn falls to pieces when left out-of-ihxirs in the sun ami 
ram, chenneal wockI fibres (sulphite and sulphate) beiiqt somewhat more weather- 
resistant tlian niechanically ground wood-pulp. Clay is simply list'd iw an ailulterant, 
to add weight to the raw felt, without contributing in the least to its longevity. 

The particular kind of fibre pre.sent do(‘.s not influence tJie stn'iigth of (he felt, 
which is controlled largely by the following factors: 

(1) The length of the fibres in the felt, 'lliis i.s pn'detcrn lined by: 

(a) I'lie k'ligth of the fibres, as they existwl in the nigs. 

{h) The extent to which they have IsMai l»roken up and sliortencd m the 
lieators. 

(2) The extent to wliich (he rag or pa|K‘r stock have undcrgoiu' I'n'iiiai’ausis, 
Old rags or pa|K*rs winch have lieen allowisl to rot Is'fore Is'ing convcrteil into fell 
will produce a weaker sheet than when new rags or pa|H‘r are employed. 

(dj The skill disjilayed in “ running ” the sheet on the felt machine 

Many substitute fibrt's have Iss-n .suggixsted for mamifai’turing rooting fell, 
including the following, vi/..' leather fibres,' cane film's,'' straw libri's, * asls'stos 
lilacs m combination with rag fibn>.s,< cocoa-nut film's,* si'a grass,* ground wood 
fibres,' red-W(SHl, oak and tan barks," nio.'W, |K*at, etc. 

Waste pajXT is Used most extcnsivi'ly as a substitute for rag stock. It diK's not 
appreciably alTccI (he sircnglli of the felt, but it tends to im*rcas<' its density, 
reduci' the jicrirnlagc of bituminous saturation absorls'd, make it harder and less 
[iliablc, and also less weathcr-ri'si.stant. Th<' author has examimsi samples «)f nsif- 
ing felt containing as much as (id |H'r cent of pajs'r m admixturi' with rag stc'.-k 
Straw also dccrca.scs llu' weather n'.Hstance of the felt, making it hard and brittle 
and bark reduces its (eiwlc .strength. Si-a grass dis's not decn-asi' its strength, 
jKirosity or brittleness 

MiiK'ral .substanc(^s, .such as clay and slag (mineral) “ wwl ” are often used for 
mlulteratmg felt 'I’liese may Imj defis'lisl by the ash on ignition. If proix'ily 
made, felt should not yield more than S jier cent mineral ash. The moisture con- 
tent of the felt as furnisla'd by the manufacturer should not excis'd 10 |H*r cent by 
weight 

Hag felt IS marketed on the basis of its weight in |s»unds jicr 4S0 sq.ft., known 
as the “ numlH’r," ranging from 20 to as high as 00. The " numlier ” of the felt 
multiplied by 0 22d will give its weight m fsiuiKls jier lOS sq.ft., and when multi- 
plied by 0 20H will give its weight per 100 wpft. High grade rag felt will test 

• r .s Pals 40..VI2 of .Nov 17, IHlia to H. M Allen: 1,211,837 of Jftti 9, 1917 tf) C N, tor- 
rest 

» U .‘t Pat 8S..510 of Mar 30, 18tH) to H. W Huam-ll 

> V S. Pat 8.'i4.740 of May 28, 1907 to A. O. Ilennioii 

‘U. .8 Pat 81,041. of Sep 1, 1808 to f I W Johna 

• P H Pat 1,237,000 of Aiijt. 14, 1917 to Herman \on rffel. 

•r. S Pat 1,220.7.38 of .Ma> 22, 1917 to Herbert Ahraham. 

’ P. S Pat. 119,001 of Ort. .3. 1871 and 121, HMl, Nov. 21, 1871 both to J. K, Oriffin; 1,188,40A 

of Jiin 27, 1916 to E. J. SrhrcxJer. 

' " The Pae of Bark for Pai>er Speeialtiet,” by Otto Kreaa, J, In<i. Eng. Chtm , S, 88.3, 1910. 

• Determined by diatilling a weighed quantity of felt with keroaene, and tneaauriof the volume 
of water paaaing over with the distillate. 
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upproxinmtely 1 mi! in thickness, and not less than 0.5 lb. on the Mullen strength 
tester (p. 669), per unit “ number." These relations hold approximately constant 
for all weights. 

The following standards liave l)een established by the Berlin Imperial Testing 
Uilioratory.* 

(1) Hags, fibrous textile waste, and waste paper may lie used, but the direct 
addition of wood pulp, straw pulp, iK*at, sawdust and mineral loading material is 
forbidden. 

(2) The felt must not yield more than 12 per cent of ash, 

(;i) The moisture content of the air dry felt should not exceed 12 per cent. 

(4) Felt wh n immersed in anthracene oil should not ab.sorb less than 120 per 
cent by weight. 

(5) Kelt of normal thickness (at least 400 grams fier sqimn* meter) should have a 
breaking weight* (for a atrip 15 mm. wide) in the longitudinal direction of at least 

kilos. 

Ho-called " asbestos felt ” is sometimes made from aslicstos fibres alone, and 
sometimes from a mixture of aslx^stos and rag ftl>res. It is marketed on the basis 
of its weight in pounds |>er 100 sipft., and may be nmnufactured either jxirous in 
structure, suitalile for saturating purposes, or of a den.se structure, for attaching to 
the surface of prepared roofings. Sainjiles of asUvstoa ft‘lt for saturating purposes 
examined by the author tested as follows: 


6 1') «it)eito9 felt 
8 It) ashoBtoB felt 
10 U) BBlieetoB felt 
12 lb HBboBtoB felt 
14 lb. HalieBtdB felt 
10 lb usbeBtoB lelt 
40 lb. uBbeatoB felt 


13 niila thick 
17 niilB thick 

19 iiiiIb thick 
23 itiiIb thiek 

20 mils thif'k 
30 iiiiIb thick 
70 tniltt thick 


Woven Fabrics. The woven fabrics ordinarily used for manufactur- 
ing prepared rootings include burlap or hessian (eoinposed of jute fibres) 
and duck (composed of cotton fibres). These are marketed in various 
weights, expressed in arbitrary ways/^ Woven fabrit s do not take up 
nearly so large a percentage of bituminous saturation as feltetl fabrics, 
nor is it possible to impregnate them as unifonnly, due to unavoidable 
variations in texture in different portions of the sheet. 

Bituminous Saturating Compositions. Bituminous materials suitable 
for impregnating felted or woven fabrics are usually soft in consistency 
at room temperature, ranging from semi-liquids to semi-solids. 

>J. M»rcii86<)n, M%ti. k. 84, 40, 1916. 

*The *' breakinn weight” ropresenlB the weight required to break a strip of gi\cii width. 

^Hurlapt are designated by the weight in ounces per lineal yard 40 in. wide, and ‘’numbers" 
71, 8 and 10 are generally employed in manufacturing roofings. " Regular ” ducks are designated 
by the weight la ounces per lineal yard 29 in. whle. and "numbers” 6 to 15 are generally used for 
the foregoing purposes. ” Knamelling " ducks are designated by the weight in ounces per lineal 
yard of the width in which they happen to be supplied (usually 46. 60 or 72 in ), and ” numbers " 
4 to 16 are ordinarily used. ” Numbered ” ducks are designsted in numbers arbitrarily— number 
1 oorrssponding to a weight of 18 oa. per yard 22 in. wide, and each number greater than 1, to a 
dsersas* of 1 oa.; numbers 8 (11 oa. per 36 by 23 in.) to 12 (7 os. per 36 by 22 in.) being 
•soerally ussd in tnanutacturing roofings. 
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7'hc following classes of bituminous substances have been used for 
this purpose: 

(irouft 1. Pure native asphalts, residual tisphalls, blown petroleum asphalt, 
8lud({e asphalt, wurtzihte asphalt, wood-tar pitch, rosin, rosin pitch, bone-tar pitch 
and fatty-acid pitch, used either singly or in various <*ombiration8 when of the 
required consisteney; or else if too hard (and the saine applies also to asjJmltites) 
fluxed to gnide with one or more of the following, viz.: soft native asphalts, wax 
tailings, residual oil, soft residual asphalts, soft blown {vtroleum asphalt, soft 
sludge asphalt, soft fatty-acid pitch, animal and vegi‘table oils or fats, and wool 
grease. 

Croup 2. Oil-gas-tar pitch, water-gas-tar pilch, gas-\\< ll^8-eoa 1-tar pitch, coke- 
oven-coal-tar pitch, wood-tar pitch, rosin, rosin pitch, loi.e-lar pitch, and fatty- 
acid pitch, used cither singly c: in various coii.binations when of the rcipiircd 
consistency; or else if tcxi hard, fluxed to grade with one or more of the f()llov\mg, 
VIZ ; the eorresiKinding liquid tar previously evaporatiai to exix*l the highly volatile 
oils; dLstillutes of high lx)iling-|x)int8 denvtal from the respective tars; wax tailings; 
soft fatty-aeid pitch; iinimul and vegetalile oils or fats; and wool grease*. 

The tar and pitch comiiositions ((Iroup No 2) are used: (n) for manufacturing 
multiple-layered prepared riKifings, and (h) for preparing single-layered tarred felt, 
used for construefing “built-up" roofings (p. 41!>) and waterproofing menibranes 
(p. •12.X} The (Iroup No 2 corn |X)si( ions (except fatty-aeid pitch) are not recom- 
mended for inunufacturmg smgle-layered prepared roofings due to the fact that they 
are insufiiciently weatlier-re.sisting (!n the other hand, the (Iroup No 1 cinipisi- 
Tions on account of tlieir greater weather-resistanu* nay be uscal iiuliscrin.inately 
ror manufacturing single or multiple layered pn*pared niofings, also for asphalt- 
saturated felt used for constructing “built-up" roof.s and w;ifer[ir<K)fing mem- 
branes 

Tlu' consistenev of the tar and pitch eoinpositions corresiMinil with tb<’ figiin's 
given for soft coal-tar pitch (.sec p 2ol) Saturating iiiixliires picparcil from a.sphaltic 
jiroducts .should coinpiv with the following characteristics 

(ll The vi.sco.sity at the satiiraling lerii|M‘talurc should be as low as possible to 
accelerate the .speerl of at)sor|)lion bv the fabric 

(2 1 'I'he iHMietration at 77' F should b«* greater than (»(l ('lest ItM, and consist- 
eticy (Test Uri loss than 15, otherwise the .sit itatiMl hibric will be brittle, 

(.'1) The sii.sei'fitilulitv factor .should be a*- low its pos'-ibh*, and prcforably Irsi 
than 110 

(4) The .sjiturant shouhl be iluetile. 

(.’)) Its fiising-pomt by the H and R. iiicthiHl f'l'i'st l.V^) sliould range from O.'i 
to ItiO'’ F , and preferably betwmi 110 and l.'iO' F M'lie eorresjiomhng extreme range 
by the K and S method (Test l.Vi) jh from .SO to 1 10" F 

(0) It should contain the .smalh'sl |K>sKible iMTcentage of volatile matter, and 
prefcraldy les.s than :i per cent at 500' F m four hours (Test lUu). 

(7) It should have a flash-iKunt w<*ll alKjve the t(*m|K-raiure at which it is raiwxj 
(luring the |)r()e(*s.s of fluxing or while safiirating the fabric (at least 50" F.), and 
preferably almve 475° F. (Test 17(/) 

(H) It .should contain the larg(*st |K>s.sible p(;recntage soluble in (rurlxm disulphide 
and preferably exceeding 07 per cent. 
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(9) It should contain a comparatively large percentage soluble in 88^ naphtha 
and preferably exceeding 85 per cent. 

(10) It should be weatherproof (see p. 574). 

Substances formerly used for saturating purposes included rosin and dead oil, 
pine tar,* etc., but these are deficient in weather-resisting properties. 

At the present time the materials most commonly employed for saturation pur* 
[wses include soft coal-tar pitch, residual oil, soft residual asphalt and soft blown 
petroleum asphalt, of which the respective merits from a weather-resisting point 
of view, have been considered in Chapter XXIII. 

Fire-resisting saturants have recently been suggested, composed of chlorinated 
bituminous bodies, including tiaphthalene, wax tailings, dead-oil, coal-tar, etc.* 
These are used for saturating a single sheet of felted or woven fabric.* 

Bituminous Coating and Adhesive Compositions. These may be 
used for surfacing the saturated fabrics (single or multiple layered) and 
also for cementing together two or more layers of fabric (all of which 
may be bituminized, or some bituminized and some untreated) in man- 
ufacturing multiple layered sheets. The coating and adhesive composi- 
tions include the same groups of substances used for the saturant (p. 391), 
but prepared of a harder consistency and usually also of a higher fusing- 
point. The bituminous materials first used for these purposes included 
the fatty-acid pitches,'* native asphalts, sludge asphalts,^ residual 
asphalts, etc. 

The prime requisite of the bituminous coating composition is that it should 
possess maximum weather-resisting propertie.s, since the longevity of the prepared 
roofing depends largely u[)on the unalterability and integrity of the coating. The 
principles to be followed in making this mixture have already been discussed 
(see p. 3118) . 

Bituminous coating and cementing compounds should preferably comply with 
the following characteristics; 

(1) The appearance of the surface on aging (Test 3) should l)c bright, and especially 

where the bituminous coating is to be surfaced with talc or other white mineral 
dusting finish (p. 394). * > 

(2) The hardness at 77* F. should fall between 10 and 50 on the penetrometer 
(Test 96), and between 15 and 30 on the consistometer (Test 9c). 

(3) The susceptibility fartor .should Ik* a.s low as possible, and in the case of 
asphaltic compounds preh'rably less than 35. 

• U. R Pat 205,13.') of Juno IS, 1.S7S to W II Rankin 

* U. S Pat 39S,:i37 of kVh 10, ISSO to W H I.upton. 

* U S Pat, 914,223 of Mur 2, 1909 to .1 W Aylaworth; OH, 251 of Mar, 2, 1909, to Carleton Ellis 
and Karl P McElroy, 1,11)2,1.53 of Nov 30, 1915 to H R Church. 

♦U 8. Pats. 914,222 of Mar 2, 1909 to J W Aylsworth. 914,300 of Mar. 2, 1909 to Karl P 
McElroy. 

• U. 8. Pats 128, .599 of Jul. 2. 1872 to W H Davies. 423.042 of Mar. 11, 1890 to A. N Ford; 
Engliah Pat. of 1807, Sept 21, No 2,050 to G E Marchwio, 1808, Apr. 23, No 1,336 to Joaeph 
Rofen; 1872, Aug. 29, No 2,.572toW R Lake; 1874, Feb 4, No. 447 and No. 449 to John Macintoah; 
1876, Mar. 27, No. 1,309 to Caleb Tayler. 

» Eng. Pat. of 1888, Apr. 14, No. 5,577 to W. P. Thompaon. 
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(4) The ductility should preferably be greater than 1 at 77® F. (Test tOfc). 

(5) The tensile stixuigth should preferably tn* greater than 0 5 at 77” F. 
(Test 11). 

(6) The fusing-point .should l)e such that the coin|KKsition will not be alTected 

by the highest sun tern|x'rature to which it may be subjectcHl. It should not be 
lower than 160” F, nor higher than 2ti0” F by the Ball and Ring method 

(Test 1,56), the up|)cr limit applying to products having a low susec'ptibility 

factor, including blown |K>tr«j|eum asphalts, fluxed asphaltitc's, etc; and the 
lower limit to coatings surfaces! with line sand or coarsely ground talc. The 

corresfxmding range by the K. and 8. method (Test 1.5<i) shall be Ix'tween 115 and 
240° F. 

(7) The volatile matter should pnderably le less than 2 |K'r cent at 500” F. 
in four hours (Test IGa). 

(8) The flash-jKiint should prtdendfly be al»f>ve 500” F. (Test 17«)- 

(0) The solubility in carbon di.sulphide should pnderably not Ih' less than OS 
per cent, although this is subject to modification whert' ininc'ral ingrtalients are 
purposely added for the rciusons which follow. 

(10) 'fhe larger the percentage of fatty sul)stances (sa|Mjnifiable) present in the 
mixture, the Ixittcr will lx* its weather* resisting properties, other things being e(|ual. 

It is sometimes customary to mix mechanically a ceitam proportion of very 
finely powdere<l mineral matti’r with the surface coating while m a molten condi- 
tion, and Ijefore it is applied to the surface of the roofing, for one or more of the 
following reasons: 

(1) To increase the weather-resistance of the bituminous mixture. Opaque 
pigments have lieen u.scd for this puri)ose. including graphite,' lampblack,* etc. 
Those serve to exclude the actinic rays of the* light, which contribute largely to 
the deconijiosition of bituminous substancc.s (f) 576) 

(2) To inqiart a color to the bitun inou< c»iating For this purpoe, bright 
mineral pigmcnt.s of various colors are mixe<l throughout a coating consisting of 
sixjcial bituminous com{K)sitioiis having a brown streak ('lest 6) or as an alter- 
native showing a transparent to transhicmit browni.sh color wh(*n viewed on glass 
in a thin layer.* Bituninn»us compositKms having a black streak, or otherwise 
apfiearing opaque when viewed on glass in a thin layer, will imt answer, for although 
they may initially show the color of the pigment, ncvcrthck>s this w'ill disiipiK'ar 
after a time turning a dull black, since black bituminoiw mixtures weather to in- 
tensely black substances, due doul>tles.s to the liln'ration of free carbon by the 
actinic light rays. 

(.'!) To serve as an extender and reduce th<* cost of the finished proilucf. Many 
substances have been used for this purfsj.se, including finely ground limestone, shale, 
fullers’ earth, clay,* infu.sonal earth,* silica, etc Another plan consists in. apply- 
ing part of the bituminous coating, then the mineml matter such as flake mic^, 

‘U S Pats 68(5.191 of .N'ov .'5. t^KIl lo W' H IJarhc. H.W.llT of May 7, 1007 to Clifford 
Riohardaon and C N, Forrest, fJerman Pat AppI I.’(,l.'»(i of Nov. 17, 1004 to Hans Chritten; 
Ger. Pat AppI A -6,371 of 1907 to K Ktitiiiitiki 

*U S. Pat. 727, .507 of .Maj o, mn to F. J Warren 

>U. S PaU. 77.5,63.5 and 775,6.36 of Nov. 22, 1904 to L. C. RugCD and Herbert Abraham; 
Eng. Pat of 1913, Jun. 18, .\o 14,063 to Georg Halle. 

‘Eng Pat. of 1881, Jun 27. No. 2,815 to A M. Clark 

‘U. S. Pats. 416,701 of Dec. 10, 1889 to J. I. Livingston and William Griscom; 437,0.33 of Ssp. 
23, 1890 to R. 8. .Morrell. 
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and finally the balance of the bituminous coating, thus obtaining an intermediate 
layer of mineral matter.* 

Where the roofing is to be constructed of more than one sheet of fabric, very 
fine mineral matter may l)c mechanically mixed with the bituminous adhesive 
layers for reasons 1 and 3. 

Surfacings of Mineral Matter. Three types of mineral matter are 
distinguished for this purpose, viz.: very fine mineral dust, moderately 
coarse mineral granules and coarse mineral particles, 

The v(‘ry fine mineral dust is sifted on the surface of the roofing 
usually v/hilc still hot, for the purpose of preventing the convolutions of 
the roll from sticking together after it is wound up, or otherwise packed 
for shipment. A certain proportion of it embeds itself in the surface 
coating, l)ut most remains detached, so that it will either shake out of 
the roll, or wash olT the roof when applied to the building. The very 
fine dusting finish is therefore applied from a utilitarian standpoint 
rather than for decorative effects. Finely ground talc, silica, mica, 
limestone, infusorial earth, etc., are used for this purpose. 

Mod('rately coarse mineral granules are purposely embedded in either 
the top or bottom coating, or both, for decorative effects. The mineral 
matter should be practically free from fines, and consist of uniformly 
sized granules, preferably angular. The following materials have been 
used, viz.; sand, coarsely ground talc, coarse flakes of mica,^ also 
colored mineral particles including red or green crushed slate, crushed 
rock of various colors,^ artificially colored sand,^ colored grit,'’ baked 
preformed earthy particles of various colors,^ crushed brick, tile, or 
marble, j)articlcs of sand or grit prepared with an oil paint baked on 
sui)erficially, etc.® 

C/oarse mineral particles, either uncolored or colored, arc similarly 
embedded in the surface coating for decorative effects, including .small 
pebbles, gravel, crushed feldspar or granite, crushed seashells,^'* granu- 
lated slag,*' etc. 

Surfacings of Vegetable Matter. The materials in this group include 

> l). S, Pat 1,1S7.2.|0 of Jun 13. 1910 to B (1 Caaler 

» U. S. Pat. 109,480 of Nov 22. 1870 to Frwlerick Brck 

• U. S. Pat. 310,193 of Jan. 0. 18.83 to J. T. Kdaon, 1,007,140 of Oct. 31. 1911 to E. J, Schroder 

•Ger. Pat. Appl 10.800 of Mar. 14, 1904 to A. W. Andernach. 

• U. S. Pat. 1,23.1,501 of July 17. 1917 to J C Pelton 

«U. S. Pat 1,022,701 of Apr. 9, 1912 to S. G. Wright. 

’U. S. Pat. I,190,.'i05 of July 11, 1916 to H. E Boardman, Eng. Pat. of 1912, Apr. 1, No. 
7,872 to A. J. Boult. 

*V. S Pat 1,248,179 of Nov 27. 1917 to E. J. Schroder. 

•U. 8. Pat, 130,.176 of Aug. 13. 1872 to Howard Kirk and Jamea Winamore. Jr. 

'•U. 8. Pata. 75.1.982 of Mar 8. 1904 to S R HnHand. 1,235,270 of July 31, 1917 to J B. Wieo 

» V. 8. Pat 45.1,979 of June 9, 1891 to O. 8 l.ee. 
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wood flour or sawdust,* granulated cork ^ etc. These are embedded in 
the surface coating while it is hot. The wood hour prevents the con- 
volutions of the rolls from sticking together, and at the same time 
promotes the adhesion between the fabrics and the hot cementing com- 
pound in constructing built-up roofs or waterproofing membranes. 
Cork is .used primarily for in.sulative effects in cold storage work. 
Bituminized fabrics surfaced with cork cannot be u.sed for roofing 
purpo.ses on account of the combustible nature of the cork surfacing. 

Saturating the Fabric. Felted or woven fabrics are impn'gnated 
with the bituminous saturating mixture by continuously running the 
web through a tank of the latter maintained at a high temperature. 

Attempts have lx‘en made in the past few y<‘ars to saturate th(‘ 
felt fibre's as they ar(‘ originally fornu'd into the sheet.'* Fxpeni- 
rnents have recently been made with an alternative method of inter- 
mingling the fibrous and bituminous constituents in the preseuice of 
water, by forcing them through a ix?rforated stc'ol plate, and then 
moulding the product in sheet form.^ 

At thepresemt time the trade* recognizes two typevs of saturated fabric, 
viz. : 

(1) The)se saturated with tar products.’'^ 

(2) Fabrics siiturated with a.sphaltie* products,** including fatty ae-id 
pitch." 

A inodorn form of upparatu.s for pnxliicmg tar-sal urul('<l faljncs m illusi rated 
in 120 1'he roll of un.^aturated fabric is moii.ile‘d at the left of the illuhlnitioii, 
'I'lie frame or “gallows" in the tnitre low<'rs the web into a steam-healed tank 
carrying the hot tar (not shown) by the iiK'aris of the crank illiisirati'd m the* fore*- 
gronnd. .\ftor leaving the bath, the saturate-d sheet pas.seH around two ste'am- 
heated rolls (shown at the right e)f the* frame weirk), and th(*m*e are)und the wineling 
mechanism shown at the extreme right of the illu.stratie)n 

A machine for saturating fa!)rie*.s with asphalt is sheiwn in Fig. 121. The reill 
of un.saturated fabriej is supiKirteel at the* re*ar e»f the illust ration, whe*ne*e it is 
le)wereel into the tank of the melt<*ej asphalt (not shown), by ihe; vertie-al frame 
o{H‘rated by the crank shown at the left. After Ie“a\^jng the* tank, the saturateel sheet 
p;us.ses lx*tween two steam heated pre.s.s-re»llH euie alsu'e the* other, leicated in frejtit 
of the frame, and then around five Hteum-he*ated rolls memnted in two tiers, thre'e* ein 
top and tw'o Ix^low. These drive the excess of asphalt into the sheet, causing the 

• U .S Pat. 1,20.'J,403 o. Oct. 3’, 191.3 to Mathiaa Poulioo 

» U 8 Pat. 674,219 of May 14. 1901 to J A Sebaraath. 

*U 8 Pat 103,199 of May 17, 1870 to Samuel Kiugan. Gcr. Pat. 216,763 of Sep 6, 1906 to 

Juliiif Katbe 

*U. 8 Pat. 1,204,632 of Nov 14, 1916 to i C. Woodley and R P. P<rry. 

»U S Pata. 103,636 of May 31, 1870 to T. R. Abbott. 111,611 of Feb. 7, 1871 to J M. Cobb; 

119,0.69 of Sept 18, 1871 to H N. Stimaon; 230,148 of July 20, 1880 to G. 8. Page. 825,744 
of July 10, 1846 to A E Millingtoo. 

•Rritiah Pat. of 1876. May 21, No. 2,295, to J .S Norrie; V. 8. Pat^. 820.694 of May 1.', 
1906. to I. A. Rond, 876,008 and 876,010 of Jan. 7, 1908 to F. C. 0\erbury. 

»Ger. Pat. 122,893, May 6. 1899, to A. W. Andernacb 
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saturate fabric to leave the nuiehine iK'rfoetly “dry.” It is then wound in largo 
rolls on the automatic winder shown in the fon‘ground. 

The tanks in both the tar ami asphalt saturators may l»o heated either by steam 
or direct tire, 'fhe former is ordinarily u.setl lieeause of the safety and ease of con- 
tn)l. Tar products are usually rnaintainiMl at 2(X)-270° F., and asphaltic products 
at 225-400" F. In the tyiies of machine.^ illustrated, the fabric may In' saturated 
at a s|)etHl of 33(>-3.'i0 lineal feet {xt minute. The weight of .saturation absorlxHl 
by the falirie is controlled by the depth to which the web is iminersi‘il in the tar 
or asphalt, which in turn is ri'gulated by raising or lowering the frame. The 
surface of the web in contact with the saturant vari(\s from 10 to 30 lineal feet. 

The following figures will give some idea of the ix'nrntagi's of .saturating mati*- 
rials taken up by the fabric, based on its raw weight; 

Felt will al)sorb 115-lSO jx'r cent of soft coal-tar |)itch, or 100-105 jx’r cent by 
weight of asphalt. 

Burlap will absorb 90-125 |x;r cent of soft coal-tar pitch, or 75- UK) jx'r isuit by 
weight of asphalt. 

The largi‘r the fK^rcentage of any given sjiturant absorlxal by the felted or woven 
fabric, consistent with the formation of a “ dry ” .siirfaiv, the iiion^ durably will 
the fibres lx* water-prixifed and weather-pnKifcal. If tlx* felt is undersaturated, fhe 
finished sheet will lx* ixirous and ab.soib inoistun* m seivice. On the other hand, 
if the .sheet is oversaturated, a part of the saturant will ixunaiu on t^e surfaw 
and caus<- the convolutions of the roll to stick together. 'I'he Is-st juactice consists 
in running a slu'ct so that it will .show “wet s|M>ts” as it leaves the bath of satu- 
rant, which, however, will IxToiue absorlxal when it cools to utinosf)heri(‘ lerniK*ra» 
tun* The ab.sorption may U* a.s.siste<l by preventing the .surfaci* cooling too (piickly, 
so that the natural contraction of the .saturant will have an opixirtunity of drawing 
in the “ wet ” sjKits by capillarity. 

It IS customary to market tar and a.sphalt .sat’irati'd felts in rolls of the follow- 
ing dimcn.sions and weights: 


1 

.si/,p of Holt 

Wni-'it ,.M lOO.S.. ft 

W oiiflil I'or lOS ,S)| ft 

“ SUitern' Fell" {Tnrreil): 

IViiiikIh 

PdmikIb 

aO II) por .VX) fl<j ft, . ... 

l> 0 

6 5 

.3.1 Ih per .'■•no iKi ft 

0 C) 

7 1 

40 II) por .')00 eq ft 

S 0 

S 6.5 

Tarred fill 



.'X) lb, per 4.32 sq ft , . , 

II .5 

12 .5 

60 lb por .500 »q ft . . . . 

12 0 

1.3 0 

40 lb per .324 wi.ft 

12 3 

1.3 :i 

5.5 lb per 4.32 sq ft 

12 7.5 

1.3 7.5 

60 lb t)er 4:t2 Bf| ft . . 

14 0 

15 0 

48) lb per .324 xi ft . 

15 0 

16 2 

60 lb per 4(K) xi ft 

1.5 0 

16 2 

4.3 lb per 216 xi ft 

20 0 

21 4 

60 lb i)er 250 xi.ft . 

24 0 

2.5 9 

A$phaU fell- 



44 lb per 4.32 »q.ft . . 

10 2 

11.0 

60 lb. per 500 aq ft .... 

12 0 

13 0 

56 lb per 400 xi ft . 

14 0 

l.‘> 0 

48) lb. per 324 xi ft . 

15 0 

16 2 

43 lb, per 210 »q ft 

20 0 

21 4 
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FMcs mlurntcd with far or aspkitie products are used hr the hllomi’ 

pur post's: 

(1) As an intormodiiitv product in the nmnufacfiire of "prepared roofin/js" 
and composition shinfflcs. 

(2) In the manufacture of hitummizod door coverings. 

(3) For constructing " built-up ” roofs. 

(4) For constructing wjitcrproofing nicnibranes. 

(5) For bituminous expansion joints 

" Prepared roofings ” arc distinguished from " saturated fabrics " by being com- 
posed of: (Ij Smgle-layered fabrics coated alone, or Ixith saturated and coated with 
bituminous compositions; (2) laminated (multiple layered) hituminated fabrics 
having at least one of the layers satunOed, the faiiric lieing either imsurfaced, or 
surfaced on one side, or else surfaced on both sides with bituminous compositions. 
In the next sueeeialing section, we will consider [ircjiared roofings composed of a 
miyle layer of fabric 

Single-layered Prepared Roofings. In the early days of the indus- 
try it was customary merely to surface a felted or woven fabric with 
bituminous substances.* The next step in the development of the indus- 
try consisted in Indh saturating and coating a single web of fabric with 
bituminous mixtures, and surfacing with talc, sand, powdered limestone 
or gravel.- 

Most of the prepared roofings manufaidured to-day are made up 
of a single layer of “ roofing felt ’’ saturated with bituminous injire- 
dients of relatively soft consistency, and surfaced on both sides with 

' S Pats of Mav 2.*), ISII, to iMlouanl !)out«<'li, (U-stiIimik tlu> use of H8i)}ialt rono 

luned with fats or oils for oontmn |m|icr or cloth, 17, Hoi of July I’l, 1S')7 to J It Wat.ds, dcHcnl)- 
ing cottott cloth cotttc<| with ntal tar and fnttv-acid pit<di and sorfDied with sand, 80. .'07 of July 
21, 1808 to Alfred Paraf, coatinK woven cloth with a mixture of Kraliandte and ve^'ctnl lo oil, 
151,08:1 of Juno U, 1874 to l.hns Hnrnhani, continjr felt with coal-tar pitch and sandini; the surface, 
187,748 of Keh 27, 1877 to J (* Clieathnm, coiidnK doth with a mixture of cool tar, lime and sul- 
phur and surtacing with gravel, 278,181 of .Mav 20, 188.1, to S M Mien, coatuiR felt or paper 
with a mixture of asphalt ami pulpe<l fibres, Png Pat of 188.5, Oct ;il, No l.'l.llO to J I' A 
Pierret, coating felt or burlap with a mixture of sludge asphalt, imtne asphalt, msin and earthy 
matter and surfacing with sand, 1888, .Mar 5, No ;i,:i54 to Thomas Tliomson, coating cloth with 
a mixture of fatty -acid pitch, vegefalJe oil, chalk, fibrous matter and a colored pigment. 1880, 
M.av 27, No 8,705 to A N Pord, coating woven fabrics with a mixture of fatty-achi pitch, lin- 
seed oil, Boni> and petroleum 

>r S Pats 0.1, 850 of \iig. 17, 1800 to J IM Oobb, felt saturated and coated with tar and sur- 
faced with sand or gravel. 170,828, 170.8L’0, and 170,S.'10 o' July 11, 1870 to C M \^ar^en, nis) 
180,081 of July 18, 1870, and 101,208 of Mav 22, 1877 to C .M Warren, felt or paper Baturnte<l and 
coated with mixtures of native asphalt, residual asphalt and fattv-acid pitch, 282,i:t0 of .b lv .1!, 1888 
to Welcome White, felt saturated with (ar and coated on one side with a mixture of coal tar, aslioetos 
and soapstone, ;iOO,04ft of June 24, 1881 to Philip Carev, felt com poaed of wood pulp, asl estes 
and clay saturated and coated with asphalt. :i45,:i0ft of July l.'l, 1880 to C .M Warren, felt satur- 
ated and coated with a mixture of native asphalt, sludge asphalt and fatty-acid pitch. :148.<)90 
of Sept 14, 1880 to T. J Pearce, and W M Heardslev , saturating and coating a felted or woven 
fabric with residual asphalt, 8.58, .50.7 of Mnr 1, 1887 tod W Swan, a woven fabric satiiratevl and 
coated with residual osplialt and Biirface*! with linestone, Fng Pat of 1870, June 27, No 2,590 
to W. R. Ritchie, felt satnrnte<t ann coated with a bituminoi s compfisition, 1807, Apr. 1. No 
8,843, to J 1). RlacKwell, saturating and coating cloth with fatt.v-acid pitch, Ger Pat 92,:in8 of 
Aug. 12, 189.5 to A W Andernaih, felt saturated with coal tar, coated with a bituminous mixture 
eontaining sulphur, ami surfaced with sand- 
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a harder bituminous composition. Tlicv arc marketed in roll form, 
eitlicr 30 in. or 32 in. wide, measuring lOS sepft. in area, known com- 
mercially aa a “square,” which is suflicient to cover 1(X) sq.ft, of roof 
surface, allowing for 2-in. laps at the joints. Prepannl roofings are 
marketed in several weights known to the trade as “ plies.” 'Phe term 
“ ply,” however, is a misnomer, as it does not, as one would suppose, 
refer to the layers of fabric fonning the nKdiiig, but is used to desig- 
nate the ircight of the .sheet consisting of a single layer. It is customary 
to manufacture a so-called “ 1-ply ” roofing to weigh 35 lb. gross per 
square, including the paper wrapper and heads, together with siitliciiuit 
nails and liquid lap-cement for laying, packed in the core of the roll. 
The net weight of the roofing runs 2 to 4 lb. per square le.ss than its 
gross weight. “ 2-ply ” roofing weighs 45 lb. gross per scjuare, and 
” 3-ply ” 55 lb. Heavier weights are also manufactured, esp(‘(‘ially in the 
case of roofings surfaced willi nioderat(‘ly coarse to coarse miiawal 
matter, which are often made to weigh 1(K) lb. jx'r stpiare or over, 
rnfortimately, no standard practice is followed in manufacturing the 
heavier weights, each manufacturer kung guide<l by his own views. 

The surface may be manufactured smooth, or it may have a 
“ veined ” appearance as illustrated in Fig. 122. In either event, it is 
cu.stomary to sprinkle a “ dusting finish ” of finely powdered mineral 
rnattc^r on the surfaces (p. 31)4) to prevent the convolutions of the roll 
sticking together during transit or in storage. It is desirable to apply 
the dusting finish while both coatings are hot, so that as much as po.-*'- 
siblc will embed itself in the .surface's and will neither blow away nor 
bo washed off the roofing by the first rainstorm, after being laid on a 
building. Not more than 3 lb. per .square is necessary for this purpose.* 
In other cases, either one or both .surface coatings may be adorned with 
moderately coarse particles of mineral matter (p. 400), including 
coarsely ground talc, of which 8 to 15 lb. are applied per square to 
both sides of the sheet (Fig. 123); small rounded grains of sand, of 
which 10 to 20 lb. per square are used, including both sides of the 
roofing (Fig. 124); and angular particles of crushed slato^ or greenstone, 

> GraTmlarmetrip anabaw of the fair, need aa " duetinK finieh ’’ will rlu.w' from t.. 2:) per 
cent of partulee paMinn nn 80-, but retained on a lOO-meah sieve, the former applyinn Ui finely 
fround tales and the latter to coarsely bolted pnwlucta. 

> Crushed slate used by the leading manufacturers in this country teslH as follows: 

Passing 60 but retained on 80-mesh sme .0 1% 

Passing 40 but retained on 60-mesh sieve 1-10% 

Passing 20 but retained on 40.mesh sieve 20-65% 

Passing 10 but retained on 20-mesli sieve . . . 3.’i-7()% 

Passing 8 but retained on lO-mesb sieve 0-1% 

Specificatiors require that less than 2 per cent shall pass a 40- or an 8-mesh sieve, leas than 39 
per rent shall pass a 20-, and more than .W per cent pass a 10-meah sieve, 
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Fto. 122.— Prepared Rooang Kniahed in 
a Veined Surface, 



IiQ, 123.—Prepared Eoofing F!nfeh^ 
with Coarse Talc, 









BITUMIXIZED FABRICS 


401 


of a reddish or greenish eolor respeetively (Fig. 125), of which 25 t-o 35 
II). iKM’ s(juare are aflixed to one side of the sheet. It is customary to 
emlH‘d th(‘ coarsely ground talc in l)oth coatings, the rounded grains 
of sand in either one or l)oth coatings, and the angular particles of 
slate or groc'n.stone is one coating only. The last, known as “ slate- 
surfaced rooting,” is usually manufactured from a No. 50 to ^’o. 55 
dry felt, so that the finished weight including nails and cement \Nill 
range between 80 and 85 lb. pcT sejuam. 

Onc-ply riMifiiiK is vari(m.sly nmnufacl lin'd from No 30 to No. 45 dry fell, 
Iwo-ply from No. 40 to No. (K) and llma'-ply from No. 50 to No. 75. Where I he 
hfjht wpijjlit dry fi'll is u.sed m mamifaeturmn any particular ply, a corre.sjxmdmK 
larger pro|M)rlion of coaling must Im* appinal to hring the weight of the fmislK'd 
roofing to or 55 ll» gr.ws, whichever the ea.M‘ may Ijc 'I'lie weight of div 

felt Used will aratiyt' \o 35, .No 50 and No 05 for the oni‘-, two- and thr ply 

re^lK'diNclv 

111 other ea.so.s coarse partiele.s of miner.al matter are emheddi'd m the tippi r 
.''III face only, melinlmg crushed feldspar, of which 30 10 Ih ate used jKT sipiate 
(I'lg I'JOj, or even faiily huge jielihle.s, of which 10 05 ll» are used |M“r Hijuare d'lg 
127) 

'rii(‘ weight.' of hitummou.s coating (unlilled or filled) apjilied jM'r .s(|uare, e\elu* 
•sive of the mineral surfacing, range a.s follows 


1- ply (35 II)) 

2- plv (15 II,) 

3- ply (55 II) ) 

Slate .siirfaci'd (SO II, ) 


0 to 15 Ih (l)oth sides) 
7 to 20 II). (I)oth .sides) 
H to 25 11). (I)oth sides) 
15 to 25 II). (one side) 


The lhiekiie.s.s('s of the finished roofings varv hetween the following limits 


Surfaced with talc 
SurfaiM'd with tale 
Surfaced with talc 
Surfaced with fine sand 
Surfaced with fine sand 
Surfaced with fine sand 
Surf iced with fine sand 
Surfaced with fin<‘ sand 
Surfaced with cru.died .slate 


l-plv(35 11)) 50 to 00 mils 
■2-plv (15 II) ) 05 to St) mils 

3-plv (55 II) ) 80 t .0 100 mils 

1- piv (35 II) ) 15 to 50 mils 

2- i,lv (15 II)) 00 to 05 mils 

3- pIv (55 II) ) 75 to SO mils 

X-plv 0i5 II, ) 00 to 100 mils 

\.\-plv (75 11, ) 105 to 115 mils 
(80 II) ) 120 to 115 mils 


The eoni(K).sition of typical single-layered prepared roofings is showm in 
Table XXXII 

( ’ro.sn-seetioris of the principal forms of single-layered iirepareil nMifmg are shown 
111 .1, li, and Fig 100 

A single sheet of iioiun fabric siieli as duck, surfaced on one side with a bitu- 
minous mixture dasted with |Hnvdered tah; or mica, is largely used at the present 
time for covering steamlK,at deek.s or |s,rch roofs where subjected to fixit traffic. 
The material is laid with the bituminous side down, whereufMin the unsurfaced duck 
is painted with .several coat,i of a <-olored linsiM-d-oil-pigment paint. A single sheet 
of woven fabric saturatwJ with a soft bituminous eoin|s,hition, coated on both sides 
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TABLt: 



Tick A. 

Tvpi; \ 



Smooth Surlaced 



Hmooto Surfaced 


Kooflug 36 iDohei Wide. 


(L'lihllcd Coatings). 



(I'lllcd Coatings). 



1-ply. 

2-ply 

3-pli 

l-ply 

-- 

)ly 

.3.,,Jy 


— 

— 

- — 




— 





— 


Lb. 

/o 

Lb. 

% 

Lb 


Lb 

v;. 

Id) 


Lb 


Mineral Matter 













Fine dusting tiniili detached (to,> 
and h(ittnni) 

Fine dusting finish embedded in top 

1 6 

4 7 

1 8 

4 3 

2 1 

4 0 

1 .) 

4 7 

l 8 

4 3 

2 1 

4 0 

coating 

Fine dusting finish emiioddel n 

0 3 

1 0 

0 4 

1 0 

0 r> 

1 (1 

0 3 

1 0 

0 4 

1 ( 

0 .') 

1 0 

bottom coating 

Hand embedded in tup coating 

Hand embedded in bottom coating 
Crushed slate embedded in top coat- 

0 1. 

0 t, 

0 3 

07 

0 4 

0 8 

0 2 

0 (> 

0 .3 

0 7 

0 4 

0 8 

mg . . 













Fdler admixed with top coating. 







3 (i 

11 2 

i 1 

9 7 

r> 0 

9 0 

Filler admixed with bottom coating. 
Filler admixed with cementing layer. 







2 b 

7 8 

2 8 

0 7 

3 3 

0 3 

BUumtnoui Matter 













Present in top coating 

4 7 

14 7 

.•* I 

12 1 


10 0 

b 4 

10 <1 

0 . 

14 8 

7 4 

'4 2 

Present in bottom coating 

Present in cementing layer. . 

3 1 

0 7 

.i 1 

8 I 

3 (1 

(> 0 

.1 t> 

11 2 

1 : 

10 (' 

1 < 

9 .') 

Saturating the fibroiia matter 

13 1 

37 8 

1/ 

11 7 

2.{ 3 

O 8 

8 1 


12 1 

JS '■ 

1() ( 

.lO S 

FibrouH MatUr 













One or more layers dry felt 

10 1 

.n b 

l.J .'■> 

.12 1 

In n 

31 0 

0 8 

L'l 

10 1 

.M ( 

12 4 

J.J 8 

Dry Purlap. 













— — — 

- 

— 

— 

— 

- _ 

-- 


— 

- 





Total per e<iuare (108 S(| ft ) 

3J 

100 

f2 

100 

-.2 

too 

1.32 

100 

12 

100 

.>2 

100 

Futures 



1 

1 










Nails, including cardlmard container 

1 0 


1 1! 


1 t) 


1 (. 


1 0 


1 0 


Can of lap cement (1-pinl) 

1 I 


1 1 


1 1 


1 1 


1 *1 


1 4 


Total per siiuaro (108 sci ft ) 

3.') 


I.'. 




.3.-) 


1.) 





with 11 mixture of imrder consisteney and surfaced with powdered tale or mica, is 
being used largely for roofing railroad passenger cars and locomotive cahs. Thn 
is manufactured from “numliered” ducks weighing 11. 40 and 14. 7y ounces per square 
yard, the finished weigids lieing 2.1.'} and 2.30 lb. per square yard resjiectivcly. 

In manufacturing single-layered prepaml roofings, the sheet of felted or woven 
fabric is first saturated by pa.ssing it through a bath of the melted bituminous 
saturation. The saturated sheet may then lie coaled immediately with a bituminous 
composition and while it is still hot, or else it may lie wound into large rolls, 
allowed to cool and coated later. Both methods are used at present, the latter 
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1 0 

0 .1 
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0 1 

I 0 

0 1 
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0 .1 

0 7 

0 ! 

0 8 



.■) 0 
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0 0 

It .! 


14 til 












7 .1 

ID 4 

0 

1.1 I. 

() 0 

It .! 

7 .1 
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1 0 

1.1 (> 

0 0 

14 .'1 

/ .» 

It 1.1 







7 .1 

ID 4 













28 0 

•■til .1 













J 0 

0 .1 

2 .1 

.1 .1 

2 (i 

.1 0 

8 .1 

10 8 

2 :i 

.1 .1 

2 1 

4 0 









* * 

.1 :t 

1 '• 

4 .1 

2 2 

1 2 



1 ,1 

10 2 

2 1 

1 0 



















2 1 

4 li 



4 

I.'i 1 

1 7 

It J 

.1 1 

„ ^ 

1 0 

12 .1 

1 .1 

10 7 

.1 2 

10 0 

12 .1 

H. 0 

1 2 

10 0 

1 2 

8 1 

.1 8 

8 1 

.> (» 

1) 1 

.1 1 


;i .• 

0 7 

t 1 

10 0 

.1 .8 

0 I 

4 .1 

.s 7 



8 7 

20 7 

1 2 

8 1 

.*) 8 

8 1 

















4 8 

« :i 

III .1 

11 .1 

s 1 

,M .1 

\: 1 

JS '> 

i»; 0 

Ul 

.S 1 

.*1 :t 

12 1 

28 ,v 

Hi 0 

.iO .s 

Hi 0 

20 ,8 

8 1 

1 

111 .1 

ri 

1.1 ,1 

8 1 

11 2 
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1 

•,8 1 

1.1 : 

8 1 

11 2 

() 8 

,i 10 1 

1 

iJ4 (ll 

li l!2.1 K 

0 *' 

.*i :i 

10 1 

21 0 

12 1 

J.'l 8 

12 1 

111 1 

(1 8 

H. 2 

|l) 8 

13 1 

li 8 

11 ft 




1 













Hi 8 

i.t I 

(1 8 

9 .1 




1 











.1 1 

12 1 



.*) 1 

7 I 

L’ 

too 

ij 

100 i 

,11.* 

1(K) 


I(Hj 

12 

KKI J 


HHI 1 

77 

HO 1 

12 

HM) 


100 


HHI 

1 (’, 


1 (1 


1 0 


1 r. 


1 t. 


i 

1 0 

i i 
1 

1 ll. 


1 1. 

1 

1 li 


1 (i 


1 4 


1 t 


1 4 


1 4I 

1 4 


1 4 

i 

I 4! 


1 1 


1 4 

i 

1 4 


;t:. ' 


4.1 




.t.i 


1.1 


p;i 

1 

80 

,1.1 

i' 1 

1.1 

!71 
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known ‘M* tin* inlcnnittcnt jind tin* fornii*r ji.s tin* conlinuouh process K.-n-h 
IS clainird to have its jiarliciilar advaiilan<*s 1 1»‘ author is inclined to favor the 
eontiiiuous process, since the c«)ating is applied ilirectly to thi* hot 8hc(*t, which 
enables the saturatiiif^ coinjiound on c(s)linK and contracting to draw the liot and 
plastic surface coating into the sheet, forming a “ key ” Is'tw'een the coating and th(! 
fabric, and producing a denser sheet of nsifing For this reason, roofings iniule by 
the continuous process do not measure- us Ihirk for a given weight, although to 
counterbalance this, they arc less jKirous, and consequently are less apt to absorb 
moisture. 
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The intermittent type of roofing machine is constructed in two units, operating 
independently. The felt is first saturated and wound into large rolls on an asphalt 
saturator as illustrated in Fig. 121, and subsequently run through the coating 
machine shown in Fig. 128. The roll of saturated felt, 1, is passed through steam- 
heated coating rolls 2 and 3, which distribute the melted coating composition fed 
from an overhead storage tank (not shown). Mineral surfacings may be applied 
by the mechanically actuated hopper 4. The sheet is then drawn through the 
“ pull-rolls ” 5, after which it is cooled by an automatic loopmg device, which 
catches the sheet at 6 and carries it along towards the winder and cutter 8, allow- 
ing the loops to accumulate at 7. The cooling hxips 7 will accommodate 26-50 
squares of roofing and thus enable the coating o{)eration to continue uninterruptedly, 
even though the winder and cutter may tem]X)rarily cease o|)erating, as for example, 
when a finished roll of roofing is removed from the winder bar at 8. 

The simplest form of machins for pianufacturing roofing continuously is illus- 
trated in Fig. 121). A roll of raw felt is shown on the " unwinder " at the left of 
the figure. The sheet then pa.s.rs through the saturator, zigzagging hack and forth 
several times to present a large area to the compound and increase the time of 
contact. From the saturator the web pa.s.scs around the steam-heated “ saturating 
rolls ” which “ drive in ” the saturant and remove the exce.ss, so that the surface 
of the sheet will appear “ dry,” when the top and laittom coatings are applied 
by the steam-heated coating rolls. The melted coating ii.ixture is flowed on the 
upfxjr side of the sheet where it is spread uniformly by the upjier roll and the excess 
allowed to flow into a small tank underneath, where it is |)ickcd up by the lower 
coating roll and spread on the under side of the sheet. The mineral surfacing is 
applic(i when the sheet roaches the coolers by the contrivance shown in Fig. 130, 
the sheet first passing underneath hopiicr A where particles of talc, sand or mode- 
rately fine granular matter are evenly distril)uted on the u[)per surface, and then 
around the water-cooled roll A which firmly prc.Svses the mineral matter into the 
hot and soft coating. Hopper /i applies the jMirliclcs to the underside of the sheet, 
and the watcr-iuioled roll li, ernlicds them into the Isittom coating. 1'he "coolers” 
comsist of large hollow water-(!()oled drums. The " pull ” rolls supply the nece.s.sary 
tension and are provided with a rnciusuring device, whi(‘h enalile.s the winder shown 
at the right of the figure to roll up and cut the fim.shcd roofing into small units 
of suitable lengths. The details of the winding mechanism are depicted in 
Fig. 131. 

Another machine for manufacturing roofing continuously, embodying some of the 
features of both machines previously descrilied, is shown in Fig. 132. The sheet 
travels from right to left, first through a " saturator,” consisting of a deep tank 
heated by steam or direct fire, and then around a stationary nir-coolwl loopmg 
system. The surface coatings are next applied to both sides of the sheet, and while 
still hot, mineral particles are sifted on the upiier surface from the so-called " slate 
feeder.” The sheet then travels around eight water-cooled drums, of which the 
first two servo as pre.ss-rolls to firmly emlied the particles in the coating. After 
this, the web is carried along by a movable looping device similar to that shown 
in Fig. 128, which serves to cool and store the finished sheet until it can lie handled 
by the draw-rolls, winder and cutter shown at the extreme right of the illustration. 
One method consists in saturating and coating a sheet of double width and then 
flitting it longitudinally into two sheets of the desired width.* 

* U. S. P»t». 370,008 and 870,010 of Jan. 7, 1008 to F. C. Overbury. 
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F'w. ISO,— Device for Ajiplying Mineral Partides 


CouitMv ol C.UJIOD i Cmiet Mtg. Co 
to the Surfaee of Prepared Roofing 



PiQ. 131.— Winding Mechaniam. 
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Very often prepared roofinjp surfaced with 
finely powdered mineral matter, such as talc 
or limestone, turn yellow on aging indoors. 
This discoloration is due to the use of: 

(1) Bituminous coating or witurating 
mixtures containing a large projKirtion of 
volatile matter. 

(2) Coating comjx)sitions which do not 
blend thoroughly. 

(3) Coatings containing a largo pro|)or- 
tion of “ greasy " or oily constituents which 
impart a dull .surface to the S|H‘cimen on 
aging indoors one week ('lest 3). 

This yellow discoloration not only detracts 
from the ap{M‘arance of the roofing and inter- 
feres with its sale, liut indicates that inipro})er 
mixtures have l)een used in its manufacture 

The function of the coating is to .seal 
in the saturation, protect it from oxidation 
and volatilization, and exclmle moisture from 
till* fabric fibres. The coating should weather 
awav gradually and uniformly. As soon a.s 
the coating disappi'ars through weathering 
or attrition of the elements, the fabric will 
commence to rot and weaken, until it tears 
during the fir^t heavy VMtid, and tins will 
terminate the life of th(‘ rooting. 

A profK'ily 1,11(1 prepared roofing will no 
longer fulfil its function as a re.sult of: 

(1) Local jK'rforations due to the coating 
compound failing in spots, the searas ofK'ning 
Ilf) on account of the la|>-ceinent lieing faulty, 
hard lunifjs or jiarticles in the felt, rusting 
away of the nails, the bituminous matter Ixung 
extracted from the felt by rosin or turfientine 
in the roof boards, the fabric drying out or 
otherwise liecoming brittle and cracking, the 
rf)of licing subjected to undue external vio- 
lence such a.s a hailstorm, rough walking 
upon it, dragging heavy articles over it, 
objects falling upon it, etc. 

(2) The fabric weakening to such an extent 
that it is torn and rendered unserviceable 
by the first heavy windstorm. As long ns the 
w'eather coating remains intact, this will not 
occur, but just as soon as it wears thin or dis- 
appears, moisture will find its way into the 
fabric and rot its fibres, so that the roof is 
soon doomed unless it is repainted (p. 470). 
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(3) Trouble cauMcd by the underlying roof boards; due to shrinkage, cracking, 
splitting or rotting, which would subject the roofing to excessive strains, and either 
rip it from the seatns or tear the sheets. 

Most manufacturers recommend that prepared roofings be coated from time to 
time with a bituminous paint (p. 470) to renew the weather-coating as it wears 
away. This procedure is applicable to smooth-surfaced roofings, or ones surfaced 
with very fine sand or grit. Slate-surfaced roofirig.s or roofing.s coated with gravel 
or crushed rock are not amenable to painting, due to the interference of the coarse 
mineral imrticles. With pro|)cr care and reiiainting at intervals, a firopcrly manu- 
factured single layered 3-ply smooth surfaced prepared roofing will remain service- 
able for 20 years. Some manufacturers guarantee the 1-ply roofing to la.st five years 
without painting, 2-ply from five to ten years with one painting, and the 3-ply 
from ten to twenty years with two or more paintings. A.s in other indu.stric.s, 
it is generally true that the smaller and less responsible* the manufacturer, the more 
extravagant the guarantee offered. In recent years, guarantees have been very much 
overdone by certain prejiared roofing manufacturers, and as a result the public has 
grown wary, but is fortunately lieginning to pay more attention to the manufac- 
turer’s rejMitation and to the record of the particular brand of roofing, which after 
all afford much better assurance than a ‘'guarantee.'* 

Laminated Prepared Roofings. I'hese consist of two or more layers 
of bituminized felted fabric composetr of vegetable or animal fibres, ^ 
two or more layers of bituminized woven ftibric composed of animal or 
vegetable fibres; 2 two or more layers of bitimiinizcd felted and woven 
fabric composed of animal or vegetable fibres; combinations of plain 
or saturated oshestos felt with bituminized woven or ft'lted fabrics 
composed of vegetable and animal fibres.* 

‘ U, S Pot$ 44.220 of Sept 13, 1864, and roi-mic 4,862 of Apr f), 1872 to Alfred Itoluneoii; 
48,311 of Juii. 20, 186.'), and 76,197 of Mar 3, 1868 to Alfred Itobinflon, 202,902 of Apr 23, 1878 to 
C M. Warren; 211,660 of Jan 28, 1870 to W JI Hankui. 237,l.'-)8 of l eh 1, 1881 to It A Jten- 
dall: 250,368 of Apr 11, 1882 to 0. 11. Pueohel, 278.278 of May 22, 1883 to AuKUBt.ne Saekelt, 
291,600 of Jan 8, 1884 to JoHiali Jowjtt, 312,4.51 of Teh 17, 188.5 to Michael Fl.rel, Jr . 318,010 of 
May 26, 1885 to Joaiah JovMtt. 341,043 of May 4, 1886 to 'I'obias New, 3.51, {)48 of Nov 2, 1886 
to C. M. Warren, 362,202 of May 3, 1887 to Philip Cnrej. 418,560 of Dec 31, 1889 to II W 
Johiii: 427,174 of Mav 6. 1890 to M C Kerbaiiph. 421),.V8.5 of June 10, 1800 to W' If H ( hildB, 
4.55,000 of June 30, 1891 to M C IverbauKh. 674,210 of Ma\ 14, 1001 to J A. Seharwath, 851,331 
of Apr. 23, 1907 to H. I{. Wardell. Kuk Pat of 1873, Sept 26, No 3,147 to J. A. Turner Cer 
Put 121,436 of May 6, 1809 to A. W. Andertiarh 

’ Kuk. Pat. of 1888, Sep. 28, No 13,071 to Dotmhl Nteoll, U S Pat 1 248 909 of Dee 4 
1917 to II. B. Pullar. ’ ’ 

‘ U. S. Pats. 125,.574 of Apr 9. 1872 to II W Johre 1,50.630 of Mr.\ 5, 1874 to J A Turner, 
278,722 of June 5, 1883 and 293,491 of Feb 12. 1881. also .304.74 1 of Sept 9, 1884 all to H M Miner, 
385,0.57 of June 26, 1888 to Alexander Jones. 453,979 of June 9, 1891, and 4(')0,668 of Jan 31, 1893 
both to G. S. Lee: 624,976 of May 16, 1899 to H J ]{e<|ick, 6.36.022 of (8t 31, 1899 to G I) 
Crabbs and W, H. Peiulcry. 75.3,982 of Mar 8, 1904 to S P Holland, 775.968 of Nov 29, 1904 to 
August Gross; 813,3.36 of Feb. 20. 1896 to H H Wardell. 820,470 of Ma.\ 15, 1906 to H W. 
Bird; 846.414 of Feb 26, 1907 to Samuel Herbert, Kiik Pat of 1888, Apr 14, No. 5,577 to W p. 
Thompson: 1893, Get. 14. No. 17.003 to Emile Pierrot. 

*U, S. Pats. 333,138 of Dec, 29, 1885 to Franeia Line, 418,519 of Dee 31, 1889 to H. W. 
Johns: 890,526 of Jan. 7, 1902 to F. S. Miller and W. B. Davenport. 817,619 of Apr. 10, 1906 
to G, F. Bishoprie: 1,220,966 of Mar. 27, 1917 to 0. R. Emigh, Ger Pat. 141,760 of May 22. 1001 
to Maurice Coutellier, 
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The fabrics may be roml)ine(l in innumerable ways, and in as many 
layers as desired, but generally with five as the maximum. At the 
present time the must ixipular forms of multiple-layeri'd prepartnl roof- 
ings include the following: 

(1) Two or three layers of tarred felt cemented together with coal- 
tar pitch. . 

(2) Asphalt-saturated felt fastened with an a.^phaltic adhe.sive to an 
asphalt-saturated burlap, and surfaced top and bottom with an asphaltic 
composition. 

(3) Ibirlap eml>e(lded in an asphaltic adhe.sive between two layers of 
asphalt-saturated felt, and surfaced top ami bottom with an asphaltic 
composition. 

(4) Untr(‘ated cotton duck fa.‘<tened with an a.'^phaltic adhesive to an 
asphalt-saturated and coated f(‘lt. This form is intemled for use as a 
(h'cking or iH)rch cov(‘ring. to hav(‘ its up|K‘r surface painted with an oil 
paint, a^ prc'viously described. 

(o) Two or more layers of a.'^phalt -saturated asbestos, fastened 
tog(*ther with an as[)haltic adhesive, and in some ca.‘<es surfat'ed eith(*r 
with a sh(‘et of un.saturated jisbestos felt, or with an as|)haltic coating 
com[X).sition. 

(t)) An asphalt-sat urat(‘d fabric, either woven or hdted, fastened with 
an asphaltic adhcMvc' to a lay('r of asphalt .saturated a.sbestos. 

(7) rnsatural(‘d asbestos fa-^tened with an a^phaltic adhesive to a 
layer of asphalt-.saturat('d and coated felt. 

Since a woven falme (burlap or cotton diickinK) absorbs a Hniallcr pcrccniane 
of l)ituiiiinous satiinition than a felted fabric, the foritier when .saturated is far less 
vveather-resistiiiK It is preferable, therefore, to use the woven sheet for Imking a 
laminated roofinc, and thus ftroteet it from the direct action of the weather n.s much 
as |)os.sible, and where it will at the siime time fulfil it.s function of adding to (he 
strength of the rmi''hed firoduet. 

I’roeessps ha\e also Iteen desenlM’d invoIvingfheu.se of ware mesh fastened W'ith an 
a.sphaltie a<lhesive to an as()halt-satiira(ed felted or woven fabric composed of ani- 
mal, vegetable or mineral fibres ’ but this is nf»t practicable, lis the cost of wire mesh 
is prohibitive, and besides is apt tu rust out in a short time. Another structure 
consists of a sheet of thin lead emlx;dded in an asiihaltic adhesive between two layers 
of tarred felt - 

A more praclieal device consists in fastening a sheet of thin steel with an 
asphaltic adhesive Ixjtween two layers of treated asliestos This is marketed in either 
fiat or corrugated shcet.s of 20 to 20 gauge, weighing 125 to 225 lb. per 100 sq. ft. 
net. The fiat .sheets measure 30 in. by 6 ft, S ft, 9 ft. or 10 ft. respectively, 

> r .S Pals 440.77.'; of Feb. 17. 1S91 to J N Hopper. .'>.'19,767 of May 21. 1895 to F. W. Cool- 
baiiRh and \ M Goodlett, 707,723 of Auk 10. 1904 to F W' Terpenning. 

’ U i?, Pat 441,030 of .\o\ 18, 1890 to Arthur Wcbel, 
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and the corrugated sheets 20 in. by 6 ft., 8 ft., 9 ft. or 
10 ft.‘ The material may either be used as a siding or 
roofing, and is strong, light, rust-proof and fire-resisting. 

Flexible laminated prepared roofings may be manu- 
factured either by the continuous or the intermittent 
process. If the former is used, the individual layers are 
first impregnated in a tar or asphalt saturator (p. 395), 
then wound in rolls of large diameter known as “jumbo” 
rolls, and finally joined m tlu* desired number of layers 
and .scquen(?e on a form of machine illustrated in Fig 133, 
designed to a.sseinble not exceeding five layers. If made 
on a continuous-proce.ss machine, as many saturators 
must be provided as there are layers to be impn’gnated. 

With the exception of 2- and 3-ply tarred roofings, 
multiple-layered roofings are not manufactured m standard 
weights. The 2-ply tarred roofing ranges between 40 and 
4511)., and the S-jily between (it) and OS lb. in one-S(iuare 
rolls. 

Roll Roofings Finished with an Ornamental 
Surface. Niunt'rous (h^vices luivt* Iktii used to 
break the eontinuity of slu'et roofing, by finishing 
it to sinmlate the nppeaninci' of tiles or sliingh's 
as illustrated in Fig. 134 (.1, H, (\ I) and' /O. 
One method consists in embossing the sheet in 
imitation o( tiles and filling in the depressions 
on the under sidt; with a composition (4 maltcr,- 
another in decorating tht' surfact^ by hc.xagonal, 
stjuare or oblong impressions in imitation of 
shingles; coating portions of th(‘ surface' with a 
skeleton form of paper cut into (h'signs, or vW 
sand, gravel or other mineral matter and leaving 
adjacent portions imeoati'd in the form of 
shingles;^ jirinting the surface in he.xagons, 

■ U S Pats 7.S,S,.‘1 .kS of \pr '2't, rcisNUc 1:.', I7.'t of \()r 

24, llHM), ami SlC..(.r.l «tf ,\)»r motl. all to P I) ,lac«>lm. also 
84.V21M)of Fob 2»s l'H)7 to K II llinns, l,0()2,:il)l of Sep I'lll 
to F, T Ni'Wsoiim'. Mb'),?!! of .Nov UH 1 to '1' I) Miller, 
1,1 (17,*) 19 of .la 11 ll.lUHitol’ .M Stewart 

■V S Pat S2S,2.t2 of Dee II, l9(Ulto.I () Hallentine 

M' S Pats 1,03(1,127 of Vuk 20, 1912 to (’ S Mircl, l,OS0,(>17 
of Deo 9. 1913 (<i W F. Melvay. 1.20.S,,‘)9.'. of Dee 12, I'.IKi to 
W. F McKay. 1,21 t,(i,*)9 of Fob (1, 1917 and 1,22S,191 of .May 29, 
1917 both to W P Dun I.any 

U> S Pats 1, 030.427 of .\ UK 20, 1912 to (’ S Hird, 1,123,727 
of Jan ,1,191.510 8 H (Joldborir, 1,181,827 of May 2, 191(1 to C S 
Ibrd, 1,2,50,, 177 of Dor 18, 1917 to 8. H GoldberK, l,2()3,().)l of 
.Vpr 1(1, 1918 to 8 M Ford. 
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s(jimres or oblongs with an asphaltic paint applying a coating of incltiHl 
asphalt in designs orcr a grit surfacing:- distributing crushed slate of two 
or more colors in adjoining squares, diamonds, hexagons, or other d(‘signs, 
to produce multi-colored effects; mixing mineral particles of dilTeixuit 
coloi-s to imparl a mottled apix'arance, eti*.^ 

A different procedure consists in creasing 24-in. roofing sheets longi- 
tudinally ^ in. from the edg(‘s so that they may lx* laid over wooden 




battens IJ in. sciuare, spaced 20 in. from centres, and in this manner 
break up the surface by a numlK*r of standing s(*ams intended to cast 
shadows.'’ 

These decorative roofing sheets have lx*come very popular in recent 
years. They are less expensive than composition shingles in view of the 
smaller amount of material required to cover 100 wpft. of roof surface, 

>1’ S PatH and 1,02 1,. V)0 of Apr .'JO, 1912. fu M B Bcrkrr, 1.1 1.1.1 10 of Ort 0,1914, 

toS H Ooldbf'rtf. I.l.’)7,0<.4and l.l.^T.rtMolOrt 20, 19r..ai»d 1.222,V)4 of Apr 17, 1917toM H Hnkio 
S F’at 1,174,900 of .Mar 14, 1910 to M B Bn-k.-r 
M S Path l,OH2,:i04 of Dpo 2;1, lOl.l, to A S Hpit'irrl. l.I.')7,4;iH of Oct 19, PH.'S to A H Hpjcjip! 

and L F l.mdlcy, 1,194,S90 of Auk 1>. HMO to A S Spu-Kd. 1.2.'',».4H1 of .Ian 22, I91H to C. M. 

Clarke, 1,204,14.1 of \pr .10, 191S to \ S SpicKcl, 1.2«W,I0'* ol June .1, 191H to H M Ford, 

M S Pit I,l.l4,0h0 of Mar .30, lOl.j to F C laiwrey 

- U S Pat 1,210, Sjj of Jan 2, 1917 to H L Shainwald, Jr 
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and are accordingly used where ilic price of individual shingles cannot 
be afforded. 

Prepared Roofing Shingles. These represent a further development 
in prepared roofings, to produce decorative elTects in imitation of wooden 
or slate shingles. This is brought about by cutting the roofing in dia- 
mond w rectangular units adapted to be laid in over-lapping courses. 

One method consists in manufacturing sheets of roll roofing with a 
scalloped or “ serrated ” edge intended to be laid in courses so that the 
scalloped portions remain exposed to the w’eather.' This type of pre- 
pared roofing shingle has not proven very successful, as the long strips 
do not adequately provide for the expansion and contraction of the roof 
boards, and unless conditions are exactly right, the roofing is apt to 
wrinkle. 

The foregoing objection is overcome by cutting the prepan'd roofing 
sheets in the form of indiiukud shingles, usually in rectangular units. 
These may either be of uniform thickiK'ss,- or they may be tapered so 
the shingles will be thicker at the initts.-^ One form is providc'd with a 
flap at the butt, adapted to bi* turned back and naih‘d uiuk'ineath;'^ another 
is formed with a portion of the shingle cut away on oiu' side, n'sulting 
in what is known as a “ s(‘lf-spacing ” shingle.'* As manufactured to-day, 
the standard size of individual shingles is S by 12] in., inleiuh'd to be laid 
4 in. to the weather and in. apart, re(|uiring 421 shingles, or 3(K) 
sq.ft, of shingle surface weighing 220 lb., which is sufficient to cover 100 
sq.ft, of roof surface in three thicknesses. Individual .shingles are usually 
made with a slate surface from a No. 4S to f).^) raw f(4t, and carry 
23 to 38 lb. of slate surfacing pt'r 100 sq.ft, of shingk' surface, or 70 to 
115 lb. per square of shingles. They are .sometinu's made from a No. 
75 to 80 felt, and finished with a smooth surface. 

A heavier and stifTcr tyj)c of ml or f^roen sl.‘ite-.surfacrd .^hin)>;le i.s also manu- 
factured weighing 24(>"25() lb jxir square, con»[)rising 424 shingles each measuring 
8 by 12J in. In another iiHxlifieation, the .shingles are multi-i'olored, the upper 
half being surfaced with red slate particles and the lower with green slate .so that 
each shingle may lie used to present either a red or a green surface dejM'iiding upon 

‘U. S PaU 702.614 of June 17, 1902 to W II nsrhe, 742,614 of Oct. 27, 190.3 to J. I, .M 
DuFour: 875,090 and 875,.')95 of Dec 31, 1907, 876.009 of Jan 7. 1908, 881.023 and SHI ,024 of Mar 
8. 1908, 801,500 of June 23, 1908, and 942,600 of Dec 7. 1909, all to F. C 0%erl)ury, 960, 17S of 
Aug. 2, 1910 to J L. M DuFour, 978.,333 and 978,334 of Dec 13, 1010, 1,102,680 of July 7, 1914, 
and 1,130,368 of Mar 2, lOl.*). all to F C 0\erbur>. 1,126,9.12 of Feb 2, 1915 to Herbert Abraham 

»U S Pata 310.192 of Jan 6, 1885 to J T Kdaon: 455,271 and 455,272 of June 30, 1891 to 
Hermann Ibirmann, 845,890 of Feb. 26, 1907 to K II Pinna 

’ I’. S Pata 394.0.13 of De<’ 4, ’888 to S E Trott. 877,019 of Jan. 21, 1908 to J. W Troeper. 

886,912 of May 5, 1908 to C W' Young, 1,197,307 of Sept. 5, 1906 to F M Uusohliaupt. 1,191,932 

Re 14..187 of Oct 30, 1917, to J C. I.oyer 

«IT. S Pat 1,104,998 of July 28. 1914 to F C 0\crbu.'y. 

» U. S Pat l,244,ty>4 uf Uct 30, 1917, to A. S Spieml 
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which half is exix)S(Hl, or if (h'sirt'd variojpitotl colonnl cfficU timy lie used Wy it'wrsing 
the slnnjilos at mtorvaN. An attnehment for cutting roll roofing into individual 



('ourU'H.v of (luyUui & ruinfcr M(g Co 
Fig. 135.— Shingle (’uttir Front View. 



CourteB}’ o( CuytoD & Cumter Mfg Co. 
Fig. 13t).- Shingle flutter Rear View. 

shingles is illustrated in Figs 135 and FIG. The shia*! is first sliced into 8-in. 
longitudinal strips upon living fed through a gang of circular knives mounted on a 
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common shaft, and these in turn are severed into 12J in. units l»y a rapidly revolv- 
ing transverse blade extending the full width of the machine. 

Still another type is stamped from 8trip.s composed of a metal eore to which 

sheets of waterproofed asliestos are fastened 
on either sidp by means of asphalt, as 
descrilK»d on p. 409.' 

In another ramification the shingles 
are made in larger units (9 by 16 in.), 
to be exposf'd 5 in. to the weather on lay- 
ing and spaced 6 in, apart as illustrated in 
Fig.. 137.* This is known as the “wide- 
spaced method ” and has the advantage of 
requiring less shingle area to cover 1(K) 
sq ft. of roof surface. Thus, with the cus- 
tomary slate-surfaced fabric weighing 75 lb. 
per 100 sq.ft., it will take 192 9 by 16- 
Courtcay of 1‘Iintkote Co. widc-spaccd shingles, or a total of 192 
Fuj. 137.— Wide-spaced Shingles. ft. ^f shingle area, weighing 145 lb 

to cover 100 sij.ft. of roof surface. 

The so-called “ multiple-shingle strip,” consists of two or four units joined 
together in the form of a flat strip* as illu.strated in Fig. 138. The form having 
sijuare l)utt4< 7J in. wide is made 321 in. long (over all) and 10 in. wide, with cut- 
outs 4 by 1 in., and adapted to be exposed 4 in. to the weather. A .square uill 
include 112 shingle strips of 244 sq ft area, weighing 185 lb. A shingle strip is 



Courtcey of Flintkotc Co 

Fio. 138.— Multiple Shingle Strip. 

manufactured with diamond-slm|H'<l cut-outs extending back 4 in. from either edge (Fig. 
13t)), and in units measuring 12J by 32^ in. over-all. A sipiare includes 112 shingle 
8tri|i8 measuring 220 sq.ft, in area, and weighing 165 lb. A ” reversible shingle 
strip” (Fig. 140A and li) is manufactured with the square butts on one side and dia- 
mond on the other, measuring 32J in. long and 12^ in. wide over all. A square 
includes 112 shingles, measuring 260 sq.ft, in area, weighing 195 lb., and may be 
laid with either the square butts or the diamond jiointa ex|)osed, as desirt'd. The 
advantages of the shingle strifw are that they may lie laid more rapidly than individi- 

> U. 8. Pat, 1,0.W,682 of Apr. 22, 1913 to T D Miller. 

*U. S Pat. 1,145,440 of July 6. 1915 to Cahin Uusaell 

* U. S. PaU. 891.501 of June 23. 1908, 908.125 of Der 29, 1908, 1,150.298 of Aug 17, 191.5, all 
to F. C. (Iverbury; 1.207,523 of Deo. 5, 1910, 1,209,955 of Der. 26, 1910 both to S M. Ford: 
1,219,052 of Mgr. 20, 1917 t® W. F. McKay, 1,243,004 of Oct. 10, 1917 to () A. Hepi)e 0 . 
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ual shingles, due to the fact that two or more unites are tMupled tofjether, also that 
it will take a smaller (luanlily of riKifiiifr to cover a UK) sq.ft, of roof urea. The 
appearance of the roof when l.od sohMantially the same a'* m the ea.se'of individ- 



(’ourtchA of Mmtkoto Co. 

Fkj. liJU. — Diamond Shingle Strip. 




ual shinRlcs, but it is not proteete<l with as many layers of fabric, for obvious 
reasons. 

Fastening Devices. Sheet s of prepared roofing wore originally 
fastened to the roof boards by means of J to I-in. steel nails, driven 
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through convex discs composed of American terne plate (thickness IX), 
I to 1 in. in diameter, the nails being spaced 2 in. from centres. Discs 
formed of prepared roofing,^ square caps of enameled metal having a 
rai.scd centre portion,^ steel discs fastened directly to the tops of wire 
nails (known as the “ simplex roofing nail ”) were next proposed. 

At Uie pr(‘S(‘rit time the “ caps ” have been almost entirely replaced 
by large-headed roofing nails, of which two types are in vogue, viz.: 

Diainotcr of Mead Diameter of Sliank Lengtli of Shank 
Amorinin felt roofing tiallB i** in j’l in ’ in. 

Ifarlied \o. lU roofing nails \\ im i in I in. 

For the better grades of roofing, the nails should either be sherard- 
ized or galvanized, and protected with not less than 37i mg. zinc per 
square centimeter, corresponding to l\ oz. per square foot of surtace.^ 
Sherardizing is preferable to galvanizing, as it affords better protection to 
the stetd, assuming that etiual weights of zinc are applied in both cases, 
and forms a coating that will not chip or flake off should the nail shank 
or head bend. This is very likely to occur at the junction of the shank 
and head w’hen the nail is driven in place. A well-sherardized nail will 
withstand the wx'ather under normal conditions from ten to fifteen years, 
without further protection, and in the author’s opinion constitutes the 
most satisfactory means of rust -proofing. 

With cheaper prepared roofings, it is customary to furnish the nails 
in the “ bright ” form, i.e., without being treated, but it then becomes 
necessary to protect the h(‘jids when hammereil into place, with a 
liberal coating of “lap cement” (p. *170). Although the latter will 
tend to retard corrosion of the steel, the practice is not to be recf>m- 
mended, where the durability of the roof is an important consideration. 

Other nietul fasteners include flat or formed tujx'.s intended to he naded at inter- 
vals; ^ long strips with .spaced |K*rforated concave portions;^ siinrt strips reinforced 
by having the centre iwrtion raised, and capable of accommodating four nails, illus- 
trated in Fig. 141, known as “ roofing cleats ” * 

>U. S. V&t. 742,589 of Oct. 27, lOO.'l to B Ci C#8lcr 

• U. S Pat. 8ia,.522 of Mar 27, 1006 to G. H Wvman 

>If 0 rcprcscnlB the «lmnieter of the nail head, b the n^erage length of the ehank, and c the 
diameter of the ahank, then the total area of the nail's anrfaco \m 11 be eiiual to 

11 22 
•—a* H — be. 

7 7 

«U. S. Pat. 348,844 of Sept. 7, 1880 to Da>id Hargrr 

•U. S. Pat». 887.632 of May 12, 1908 to H. B Sherman. 967,208 of Aug. 16, 1910 to J. F 
Leslie. 

•U. S. Pate. 973.902 of Oct. 25. 1910 to W H. Woerheide. 981. .362 of Jan 10, 1911 to J H. 
Bell; 085,501 of Feb. 28, 1911 to J. H. Bell. 1.017.611 of Feb 1.3,1912 to H U Wardell (Federal 
Reporter of Jan. 12, 1915, tl8, 604), and 1,187,532 of June 20, 1016 to U. C. KetteUon. 



DITVMIN’IZED FABmCS 


417 


Less expensive fastening de\ irv^ nm>ivt of sherardizetl or galvanized wires which 
may Ix' looped at intervals,' or eoin|)osod of a seni^^ of spac(‘<l, jicrforated flattened 
areas - as illu.strated in Kig. 112 Another fa>tener consists of an N-shaped piece 
of wire having one liinh pionted for driving into the hoards, th(‘ other ending in a 
small loop intended to hi' hiail omt tin* ttfijt of the slurt at the w'am. Similar devices 
have been proposed for fastening shingles.' eoiisisinig of a metal stiip nailisl under- 
neath the shingle with one end projei-ting he\oml the shingle and intended jo Im‘ bent 
over the butt. Another shingle fastener is composed of griKived strips of metal to 
be inserted in between adjacent slunglcs < 

Many metliods ha\e bei'ii di‘\ ised for protecting the seams and covering 
the nail heads, a^ for ('vimple folding back tlii' upper sheet of rooliiig after forming 
the seams; ^ dmiiig tlie nails through th<‘ umin sheet of rooting only, and then 
cementing the uppia diei't over the nails heads;" torniiiig the rooting sheets with 



C'ourtc»\ (if I lio Slainlarii Paint Co. 

Fig. 141.— Types of Roofing “ ('leats." Fio 142. - Win* Roofing Fastener. 

bevelled edges,’ providing the edges of the sheets with one or more flajia cornposi'd 
of burlap, metal, or the tiiiine material as the rtsifiiig itsi'lf, intended t-o be folded 
over the nails heads and fastened with Injiiid lap-cement. 'I'he last is known 
as “concealed nailing’"' 

Methods of Forming Roll Roofing Packages. Roll roofings art' prt*- 
parod for sliipincnt liy winding tht'in on flit' outsiih' with a heavy 
paper “wrapper,” and pat'king the “fixtures” consisting of tlic nails 
and can of “ lap eenit'nt ” in the core of the roll. Various devices have 
been used for holding the fixtures in place, including sht'cis of cloth or 
ht'avy pajxir pasted over the ends; cylindricjil plugs of wood driven in 

' U S PatB 7.’)7.103 of Apr 12, 1904 and 778,803 of J»n 3, lOO.'i to F H Howard. 1,242,676 of 
0(t 9, 1917 to S M rord 

> I S PatB I 2.17,270 of Auk 21. 1917 to Ilerhert AOraham, tod 1,226,072 of May IS, 1017, 
to H. C Ketfelfou 

•U S Pat 97H,:C14 of l)*r 13. 1911 to ¥ C Overhury. 

•U S. Pat. 1,1.6.3,152 of Sept 7, 191.6 to I rancia Hrucker. 

» U. P Pat 60,708 of Je.ri 1. 1867 to T J Fay 

• V. 8. Pat 713, .688 of Nov 18, IWi to John Ayrault 

>U, 8. Pat 813,163 of Feb 20, lOtHl to W J M(«*ll<r 

" 1' S Pat. 632,825 of Ser)t 12, 1899 to H J. lledok 636,022 of Oct, 31. 1809 to 0. D. Crabbu 
and W H Pendery. 6.62,1,60 of June 19, IIMKI to F W I'erpeniiiriK. 669,316 of Mar 6, 1901 to 
n P. Whitmore. 836,889 ol Nov 13, 1006 to W J Moeller. 8<6.6.767 of June 4, 1907 to G I) 
CrsbU and W. H Pendery, 868,930 of Oct 22, 1907 to A. F. Kirk. 984,860 of Feb. 21, 1911 to 
F. E 8niith 
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the openings at the end of the roll and fastened together with wire; ^ 
using a paper wrappcT wider than the roll, turning o\er the edges into 
the core and wedging into place with cylindrical jilngs;- sealing the 
openings of the core with pkster of paris plugs; constructing the 
openings of tin? coi(! by driving wooden wedg(‘s lu'tweeii th(‘ convolu- 
tions at tlie ends of the roll;^ covering tin* einls of the roll with 
wooden discs wired together; covering tlu‘ ends with metal discs 
wired together; ^ covering the ends wdth metal discs fastened togetlu'r 
with a light metal rod; ^ metal discs held in place by projecting flanges; * 
packing the fixtures in an (dongat(‘d cylindrical cardboard case, which 
at the same time serves as a mandrel for the roll;® wrapping the nails 
and can of lap-cement in a pap(‘r or cloth package' provided with a flap 
which is inserted between the inner convolutions of the roll of roofing 
as th(5 sheet is wound on the machine etc. Most of the rolls shipped 
at the present time are protected wdth “ heads,” of cloth parted in 
place. 

Method of Laying Prepared Roofings and Shingles. Pre pared loof- 
ings may either be laid in a single course, or in a so-called ” built-up ” 
form, composed of two or more bituminated sheets constructed on the 
roof of the building. The sngle course method is adapted only for 
application over wood, whereas built-up roofs are eeiually suitable for 
use over wooden or concrete roof decks. 

Laying the Fabrics in a Single Course. In this case the sheets ar(‘ 
laid with 2-in. seams and cross-scams, the joints being sealed with 
liquid lap-cernent, and fastened with large headed nails, or with any 
of the other devices described. The usual method of forming 1h(‘ seams 
is illustrated in Fig. 143 (.4 and li). The same method is followed in 
laying single- or mult iple-lay(‘red bituminated roofing sheets in one 
course. Where the sheet is surfaced with modc'rately fiiu' mineral mat- 
ter on but one side, it is advisable to lay this against the loof boards. 
A single course of multiple-layered roofing, comjiosed of burlap cemented 
between two layers of asphalt-saturated and coated felt is introduced 

‘ U. S, Pat. 094,304 Fel) 2ft, 1902 to C S. HirtI and J B. Hanscom. 

U’. S. Pat 803,71.3 of No\. 7. 190ft to H M Htwiiolda. 

» IJ S. Pat. 852,307 of .ftpr 30, 1907 to W. P Peime> 

«U. S. Pat 713,9.38 of Nov. 2.H, 1902 to W H Barhe. 

»U. S Pat 873.040 of Dec 10, 1907 to F S Howard 

•U. S. Pat. 742,.')58 of Oct 27, 1903 to W H Bache. 874,160 of Deo. 17, 1907 to Purlan 
DuokboroiiKli. 

TU. S. Pata 825.239 of July 3, 1900 to M. C Ohuemua, 919.007, 919,008 and 919,739 of 
Apr. 27, 1909, and 923,302 of June 1, 1909, all to G W Loughnvan 

• U. 8. Pata. 996.510 and OOb.-ftll of June 27, 1911, both to G J. Oetach. 

•U. 8. Pat. 980.406 of Jan 3. 1911 to B. G. Caaler 

>« Canadian Pat. 143,374 of Get. 15. 1912 to C W. Dohm. 

“ U. 8. Pat 840,103 of Jan. 1, 1907 to K W Bird. 
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between two layers of s}ii*athing lK)artis for rovering freight ears, the 
function of the upper layer being to protect the r(K)fing from injury. • 
Hoofs Constnictf'd of Tiro or More i'ourses of FabncsJ^ If used 
over wood, it is custoniary to first install a layer of sheating paper 
(not neces-sarily l)ituminize<l), to prevent the melted com[M)Und from 
dripping into the building, also to purpose'y separate the builtMip roof 
from the wooden ImkihIs, thus allowing fhe latter to shrink without 
danger of t(‘aring the roofing. 'Phi^ layer of sheathing j)aiH'r should 
not be inclu(i(*(l in counting the total numlKU* of courses or “plies" 
in the built-up roof. 


Prevathntj Wmds 



A 2-ply built-up roof laid ovit wood and <'oncrete res|H'ctively, * 
com[)os('d of two courses of prepared nnifing, is shown in Fig. 144 
(A and />). A il-ply Innlt-up roof lanl over w(M)d and concrete corn- 
po.sed of 1 courx* of asphalt -.sit urated felt with 2 cours(‘s of single 
layered pri'parcd roofing, is shown m Fig. 145 {A and li). The built- 

' l I’, it si'i.ni ii{ 1<1) ’Jii, 1*MI7 Id llerluTt 

M S I’uis 40.02 ..f \r.\ 3. ISO tt, I, S Mill* arwlO II Smith, 01,H7H of Kcb. IR07 to 
b)hii .scaiiloM. 147 'M.J rr iSBOi' H4n of Sept 10. 1H7H. 170.131 of Jiim 27. 1R70 to I.enii Peirre, 
J70,'»4'l of Jim 24, IKHMoS I, rosii-r. 20f..1*..4 of Apr 1. 1KS4 to I,r\i lla«* and Dentil* Howarth. 

U 1.071 of -Mar 17. ISS', to T M M hilr. fl77,0'iN of June 2.'), 1901 to Krnil ftorireiion and Axel Wen- 
norborc, 712,10;i of Oit 2S. 1002, to K I K»no. 79H,i:n of Aim 29, im to F W, Cetelachap 
and \rthnr \\mdini;, Sl2.<t70 yf Jan 22, 1907 to F H ('ainpbell, H40,.'>72 of Mar 12, 1907 to C. 

J. Kunrirr, 1 .2.'in,.}0f) of Jnno 10, 1007 to h I l-oiiter 
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up roofs may be finished “ smooth ” as shown in the figures, or they 
may be flooded with melted bituminous compound and slag or gravel 
embedded therein while the comfx)und is hot. 



(B) 

Courteay of The Standard Pait.t Co. 

FlO. 144. — T\s’ 0 -ply Built-up Roofs over Wood and Concrete. 


A well-known type of r)-ply roof constructed of tarred felt cemented 
together with coal-tar pitch and surfaced with either slag or gravel, laid 
over wood and concrete respectively, is shown in Fig. 146 {A and B). 
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by the National Board of Fire Underwriters, classify fire retardant roofings into 
three groups,* viz.: 

Class A. Includes roof coverings which are effective against severe fire exposures. 
Under such exposures, roof coverings of this class are not readily flammable, and do 
not carry or communicate fire; afford a fairly high degree of heat insulation to 
the roof deck; do not slip from position; possess no flying brand hazard; and do 
not require frequent repairf> in order to maintain their fire-resisting properties. 

This •class includes the following types: 



(A) . (B) 

Courtesy of Barrett Company. 

Fig. 146. — Five-ply Built-up Roofs over Wood and ('oncretc. 


(1) Five-ply built-up roofs compt^cd of coal-tar- or asphalt-saturated rag felt 
surfaced with bricks, tiles, cement, gravel or slag, containing 80 to 85 Ib. of tar 
or asphalt saturated rag felt, 160-;^ lb. of coal-tar pitch or asphalt, not less than 
400 lb. of gravel or 300 lb. of slag per 100 sq.ft., and limited to combustible or 
non-combustible roof decks, having inclines not exceeding 3 in. to the foot, hori- 
■ontal. 

> Bulletin dtted June 29, 1916; also list of Inspected Mechanical Appliances iaauad by the 
Underwriters’ Laboratories. Inc., July, 1917. 
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(2) Three-ply built-up roofs oontainiug not less than 40 lb. of asphaltrsaturated 

asbestos felt, and 37 lb. of asjihaltic cement per 100 sq.ft., and limited to non-com- 
bustible roof decks with inclines not exceeding 6 in. to the foot horisontal. Also 
4- and 5-ply built-up roof coverings containing not less than 60 lb. of asphalt-satu- 
rated asbestos felt and 45 lb. asphaltic cement per 100 sq.ft., and limited to com- 
bustible or non-comliUstil)lft roof decks with inclines not exceeding 6 in. to the foot 
horizontal. ^ 

(3) A single course of laminated roofing composed of 4 sheets of asphalt-satu- 
rated asliestos felt, cemented together with an asphaltic adhesive, weighing not less 
than 60 lb. per 100 w] ft , and limited to combustible or non-combustible roof decks, 
with inclines exceeding 3 in. to the foot horizontal. 



('Uuts B. Includes roof covering which arc cfTcctivc against moderalt fire expo- 
sures. Under such exi)o.surcs, r(H»f coverings of this class are not readily flammable, 
and do not readily carry or communicate fire; afford a moderate degree of heat 
insulation to the r(x>f dock; do not slip from |)osition; poasess no flying brand 
hazard; but may require occasional repairs in order to maintain their fire-resisting 
properties. 

Bii^uminous roof coverings falling in this class include: 

(1) Three-ply built-up roof.s containing not less than 48 lb. of coal-tar- or asphalt- 
saturated rag felt, 90 lb. of coal-tar pitch or asphaltic adhesive, 400 lb. of gravel 
or 300 lb. of slag per 100 sq.ft., and limited to combustible or non-combustible roof 
decks, having inclines not exceeding 3 in. to the foot horizontal. 

(2) Three-ply built-up roofs containing not less than 46 lb. of asphalt-saturated 
asbestos felt, and 40 lb. of asphaltic adhesive, limited to combustible and non- 
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combustible roof decks, capable of receiving and retaining nails, and to inclines not 

exceeding 6 in. to the foot horizontal. 

(3) Three-, 4- or 5-ply built-up roofs containing both asphalt-saturated asbestos 
and rag feita cemented together with an asphaltic adhesive. Various specifications 
are approved for this class of covering. The 5-ply may be used on combustible 
roof decks, and is hmited to inclines not exceeding 3 in. to the foot horizontal; the 
4-ply may be used on combustfide roof decks but is limited to inclines not exceed- 
ing 3 in. to the foot horizontal; and the 3-ply is limited to non-combustible roof 
decks, and to inclines not exceeding 3 in. to the foot horizontal. 

(4) A single course of laminated roofing composed of either t»vo or three sheets 
of asphalt-ittiturated asliestos felt cemented together with asphaltic adhesive, weigh- 
ing not less than 45 lb. per 100 .sq.ft., and limited to combustible and non-combus- 
tible roof decks capable of receiving and retaining nails, and to inclines exceeding 
3 in. to the foot horizontal. 

Class C. Includes roof coverings which are effective against liff/ii fire exposure. 
Under such exposures, roof coverings of this class are not readily flammable, but 
may carry and communicate fire; afford at least a slight degree of heat insulation 
to the roof deck; do not slip from position; may po.sscss a slight flying brand 
hazard: and may require fairly frequent repairs or rcn(‘wals in order to maintain 
their fire-resisting properties. 

This class includes one course of 2- or 3-ply (heavy and extra heavy) single- 
layered prepared roofing composed of asphalt-saturated and coated rag felt (finished 
with either a smooth, sanded or grit surface); also prei)ared roofing shingles com- 
posed of asphalt-saturated and coated rag felt (finished with either a smooth, 
sanded or grit surface). These are hmited to combustible and non-combustiblc 
roof decks, capable of receiving and retaining nails, and to inclines exceeding 3 in. 
to the foot horizontal in the case of roll roofings, and exceeding 4 in. to the foot 
horizontal in the ca.se of shingles. 

In brief, the following minimum requirements are proposed by the Under- 
writers’ Laboratories, Inc. for the Class C roofings: 

Dry fell to l)o uniform in thickness, texture and quality, averaging not less than 
10.4 lb. per 100 sq.ft, (corresponding to No. 50 on felt maker’s scale), with a mini- 
mum weight of 10 lb. (corresponding to No. 48). 

Saturating and coating compounds to be of an asphaltic nature, having a flash- 
point of not less than 210“ C. (410“ F.) by the Pensky-Martens closed-cup method 
and an ignition-point of not less than 400“ C. (752“ F.) as determined by the Under- 
writers’ Laboratories' standard method. 

Surfacing materials to be non-combustible, including talc, soapstone, mica, slate, 
rock, sand, pebbles, gravel, terra cotta, crushed vitreous materials, etc. The du.st- 
ing powder should not exceed 3 lb. per 100 sq.ft. The coarse surfacing materials 
to be free from dust, or foreign matter which would interfere with their adhesion, 
and to be well embedded in the coating compound. 

Nails to be galvanized, and not less than J in. long for roll roofings, and 1 in. 
long for shingles. Bright nails when exposed to the weather should be protected 
with a rust-proof coating. 

Smoothsurjocea roU roofings to average not less than 37 lb. per 100 sq.ft, (ex- 
clusive of nails and cement) with a minimum of 34.5 lb. 

OrUswfaced roll roofings to average not less than 37 lb. per 100 sq.ft, (exclusive 
of surfacing material, nails and cement), with a minimum of 34.5 lb» 
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Individual and strip shingles to be in such form, shape and site that there will 
be at least one thickness of roofing material at the thinnest point when laid, and 
that no portion of the deck boards will lie exposed upon rutting away the weather 
portion of the shingles or strips along a line through the nails in the strips which 
secure them to the roof deck. The avemgp weight of a single thickness of the 
shingles exclusive of surfacing material, wrappers, and fixtures shall not be less than 
37 lb. per 100 sq.ft, with a minimum of 34.5 lb. 

Multiple-layered prepared roofings and shingles to lie composed of two or more 
thicknesses of asphalt-saturated rag felt, cemented together and coated with an 
asphaltic material, with or without mineral surfacing. These are to comply in all 
essential particulars with the rt'quirements for prepared roofings and shingles com- 
posed of a single thickness of felt. 

The foregoing classifications exclude wofslen shingles, which constitute tha 
greatest competitor of prepared HMifings. Figures compiled by the F. s. Dept, of 
Agriculture ‘ indicate that from 1904 to 1912 the output of wooden shingles in the 



Fio. 148.— Chart of Annual Production of Roofings in the U. 8. 


United Stafe.s fell from 171 1^1 million squares, and from lOfK) to 1015 from 18 

to 12J million squares; further, that the production of substitute rcMifings (includ- 
ing pnqiared roofings, prepared roofing shingles, slate, tile, etc.) increaseil from 4i 
to million .squares from 1004 to 1914. This is illustrated graphically in Fig. 
148 The total pr^Mluetion of the substitute roofings manufactured in 1914, estimated 
at 13,005.8;^.') square.s (excluding tar and gravel roofs), is apportioned as follows: 


Cement, fil" an'l miir<‘llaneriu» 

n 4% 

Slate ftlf 

t \% 

Aaphalt ahinplea 

2 4% 

Mptal ahinulca an<J tjlw 

s 3'’;, 

•Hale <19l.'l) 

S 2''}) 

Preparfd roofinga. inrluding aabcftoa roofinga and ahiiiglcH 

81 (1% 

Total 

100 0% 


The author e.stimaUiS that in 1919 tln*re were shipixsl 22 million scpiares of wm- 
jiosition roll rwfings and 4 million sejuares of iromiKisition shingh's. 

' Ilppt No 117 the "SuUtitutiori of oihrr MnloriiilK f«ir Slu«ly of (l»«‘ l.urnIxT Iii«lui*trv,” 

IV1 XI, by Holf Tbr-lan, Wajhinigton, D. V. , HM7 
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BITUMINIZED FLOOR COVERINGS 

Methods of Manufacturing. Those first appeared on the market 
in 1910 as a substitute for linoleum, and have since enjoyed steadily 
increasing sale, due to their lower price, superior waterproof properties 
and remarkable resistance to wear and tear under foot. They are 
prepared from an asphalt-saturated rag felt printed on the surface in 
colored patterns, manufactured with or without a backing of burlap, 
and in all cases faced on the underside with a suitable paint or wash.^ 
When burlap is used, the asphalt-.satu rated felt may be regarded as 
replacing the central layer of oxidized linseed oil, resins, wood flour, 
powdered cork, colored pigments and mineral filler ordinarily employed 
in manufacturing printed linoleums. Where no burlap is used, the 
asphalt-saturated rag felt may be viewed as the equivalent of both the 
central layer and burlap backing. 

The bituminized floor covering is less frequently composed of an 
asphalt-saturated rag felt carrying a moderately thick layer of the lino- 
leum composition (oxidized linseed oil, resins, wood flour, powdered 
cork, colored pigments and filler) on the surface, and the usual paint 
or wash on the back.^ 

In manufacturing the floor covering, a sheet of rag felt of high 
tensile strength, great uniformity in texture and thickness, is first satu- 
rated with an asphaltic mixture having a somewhat higher fusing-point 
and greater hardness than u.sed for manufacturing roofing (p. 1191). 
The asphalt-saturated felt prepared in this manner is first allowed to 
season, and then sized on the upper surface with an aqueous solution 
of some glutinous substance, such as wheat or rye flour, casein,'* animal 
glue and silicate of soda,* or the like, with or without the admixture 
of a suitable filler, such as ground shale (known commercially as 
" talckene ”), clay, siliceous minerals, etc. The function of the sizing 
coat is to prevent the dark-colored hydrocarbons in the felted fabric 
from working their way through and discoloring the paint subsequently 
applied to the surface. 

When the size is dry. the fabric is “ primed ” or “ filled ” with a 
mixture composed of 2 to \ parts of “ gloss oil” ^ and 1 part of com- 

‘ U S. Pat. 1,184,584 of May 23, 1910 to W. D Snow 

• U. 8. Pat. 1,132,647 of Mar. 23, 191.5 to K. L. Blabon. 

• U. S. Pat. 1,176,853 of Mar. 28, 1916 to Georae Prifold; Ger. pat. appl. 72.226 of Feb. 13, 1913 
to the Barrett Manufacturiog Co. 

«U. 8 Pat. 1,008,296 of Nov. 7, 1911 to Judd Smith 

• Conaiatlng of lineeed oil which hae been heated to a temperature in the neighborhood of 

MO* F. with 1 to 2 per cent of red lead, litharge, or other euitable dryere, until the oil aeeumee 

the cPDfittaocy of heavy nnoIaeBe«. 
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mercial “ boiled ” linst^ed oil, jjround through a paint mill with a 
mixture of filler and yellow oehre, and thinned to spreading consisteney 
with a volatile jH‘troleuin distillate'. 'Fhe funetion of the oehre is to 
impart a so-ealh'd “ linoleum ” eolor to the mixture. The filler and 
pigment should l)e aelded in suflieient (juantity to cause' the paint to 
assume a “Hat” finish on drying, and the ix'troleurn distillate to 
reduce the mixture of oil and pigments to pro^K'r spreading consistency. 
The, priming '‘oat is applu'd either to ‘one or both surfaces of the 
sized bituminized fabric by running it through a pair of rollers or in 
some eases a vset of rubber or leather s(|ueegees. 

The sheet is then festooned in a sti'am-heateil drying ehamlu'r, 
maintaiiK'd at 110 to 140° F.. until the piiming coal has dried hard, 
wliereuix)!! it is passi'd through a set of “grinding rolls” comjX)S(‘d of a 
suitable abrasive, to smooth and level it ofT. 

Mdhod of PniituKi (uul (Inunnui. If the flooring is to Ix' finished in 
di'signs to produce' wlial is kno\Mi to the trade* as “print ge)e)eis,” it is 
iK'xt passe'el threaigli a jirinting machine* eif the* tNjM' orelinarily use'el for 
manufae'luring Imeileuni, \\liie*li will apply two eir more' e'e)le)rs in i)re*- 
deteimme'el patte'ins eir ele'signs. The'.se* may be* varie*ei at will by e'hang- 
ing (he “ print bleie-ks “ or elie's i^e'el on the mae'hine. The e'olore'el print- 
ing mixture* e'onlaiiis suitai>l<* pieepeirtiems eif “ gloss e)il,” mixe'el with 
eeiloivd pigments in eiuantitie's suflie'ient to e*ole)r the* mixture*, but not tei 
ove'ie-oine the* glejss \\lie*n elry. The* printe'el gexwls are again fe'stooned 
in the' drying cliamlx-r whe*re* the'V are* alleiwe'el te) re'inain until the* surface 
eeiatiiig dries harel. 

In in:inut;i( lunng “ gninn'H ” floor coverings in nnifation of wood, tlie* Kized 
and pruned lahric allcr heing ‘■inoothcil and )evelle<l, is passed tliioiigli a “ Fosse- 
liiis ' graining iiMcInne, wliicli applic'. colored paint in the form of a graining to 
inu'.ate the wood scha ted 'I liis i" .illoweil to dr\ and the sijrfac(> finishe'd with a 
coat of high-grade ll<K)r \ainoh. in soim- caM-s containing “gloss oil" when it is 
de'«in*d to increase the pliahihlN of the finishing coat 4'he fabric is then siis- 
pendi'd in the drying oven and he.ited until hani ami tough. 

'I'he revert' side of the llor>ring i'- uhi.mIIn surfaced in a dull red tint, similar to 
that ns('d for finishing bnrl.ii>-liacketl hnohann 'I’wo g«-neral nietliods an* followed 
One consists in coating the und<*r "ide of the asphalt-saturated felt with the re*d 
paint after it has Iwen si/ed. but Is-fore the priming «(Kif, which is thereuixui applied 
to the upper surface onlv An alternative method consists in simultaneously 
coating both the upix*r and lower surfaces of the sized fabric with priming coats, 
drying, and then ajiplying tin* red paint to the back. In either ease the red paint 
consists of a mixture of rosin varnish, gloss oil, boded linM*e<l oil, ground shale or 
other filler, mixed with sufficient red iron oxide, to impart the dc'sired shale, ami 
thinned with jx'troleum distillate to spreading consistency 

The raw* felt u.sed ranges from No. 3b to No fiO; the asphalt-saturated product 
weighs from 10-32 lb. per 100 si] ft ; the eornhirH'd waaght of the coats of paint 
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on the front and back surfaces 10 to 15 lb. per 100 sq.ft.; the finished weight of 
flooring (when manufactured without an intermediate layer of linoleum composition) 
25 to 45 lb. per 100 sq.ft.; the thickness of the coats of paint lJ-2 mils; the 
thickness of the finished product 50-75 mils; and the dimensions of the rolls as 
marketed 74 in. by 30-33 yds. 

Bituminized floor coverings after being sized are sometimes coated with a 
moderately thick layer of linoleum composition, containing oxidized linseed oil, 
resins, ground cork or wood flour, mineral fillers, and colored pigments. This lino- 
leum layer may be applied in patterns of variegated colors running all the way 
through, known to the trade as “ inlaid ” goods, or it may be applied in a uniform 
color, and the surface printed as in the foregoing. Floorings having the patterns 
printed directly on the sized and primed felt are less expensive, and from all reports 
wear better than the type carrying the intermediate layer of linoleum composition. 

Bituminized floorings are also marketed in the form of nigs, with a liorder printed 
around the edges,* in some eases reinforced with a marginal stitching emliedded 
underneath the surface-coating.* 

WATERPROOFING MEMBRANES 

The term “ membrane ” as applied to waterproofing was originally 
suggested by E. W. DeKnight, and alludes to a continuous sheet of bilu- 
minized fabric surrounding the structure to be waterproofed. The mem- 
bran;) system is also sometimes termed the “ elastic ’’ method, to distin- 
guish it from the “ integral ” or “ rigid ” method of waterproofing (p. 457). 
The former is ordinarily used for waterproofing structur(‘s in the course 
of erection, and particularly the portion below ground level, including 
foundations of buildings, retaining walls, railway bridges, tunnels, sub- 
ways, reservoirs, masonry tanks, swimming pools, etc. The fabric 
constituting the membrane may be felted or woven, or a combination 
of the two. 

Materials Used. The materials ordinarily used for this purpose 
include the following.* 

Fabrics: 

(1) Tarred felt. 

(2) Asphalt-saturated felt. 

(3) Raw burlap or duck. 

(4) Tarred burlap or duck. 

(5) Asphalt-saturated burlap or duck. 

(6) Asphalt-saturated and coated felt surfaced with fine mineral 

matter, moderately coarse embedded mineral matter, wood- 
flour or sawdust. 

(7) A laminated sheet of bituminated fabric composed of bituminized 

felt, burlap or duck, used alone or in various combinations. 

» IT. S. Pat. 1,249,734 of Dec. 11, 1917 to F. B. Foeter. 

> U. 8. Pat, 1,255,095 of Jan 29, 1918 to R. G. Jackson. 
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Bituminous Adhesite Compounds: 

(1) Coal-tar pitch or mixtures of ooal-tar pitch with water-gas tar 
pitch. 

(2) Asphaltic compounds. 

The weight of felted fabrics used for waterproofing purposes varies 
widely, but the best practice provides that the dry felt shall not be 
less than No. 30 on the felt makers’ scale (6.25 lb. per 100 sq.ft.) 
and the bituminizc'd felt not less than 14 lb. per 100 sq.ft. Saturated 
and coated felts are also made in various weights ranging from 14 lb. 
to 70 lb. per 100 s(^.ft. 

Of the woven fabrics, burlap is generally employed, varying in weight 
from 10 to 20 oz. per square yard after saturation. The use of a cotton 
fabric is advocated insteiul of burlap, since cotton is less liable to rot 
on continuous contact with moisture, but on the other hand it is more 
expensive. Either the cotton or burlap may be made more resistant 
to decay by impregnation with a copper sulphate solution and drying 
before it is waterproofed with bituminous materials. Copper sulphate 
acts as a preservative and prevents the fibres hydrolyzing. The finished 
product should carry from 60 to 66? per cent of bituminous matter. 
No definite statements can be made regarding laminated fabrics com- 
posed of felt and burlap, siiue these vary widely in their structure 
and weights. 

There ha.s been much discus.sion whether coal tar or asphaltic prod- 
ucts are superior for waterproofing masonry.* The present practice 
seems to favor the use of asphaltic products when they are to l)e sub- 
jected to air, sunlight or vibration, and the use of coal-tar products 
where the waterproofing is protected from these agencies. This con- 
forms with the author's experience. 

The following proposed tentative specifications (1917) for coal-tar-saturated felt 
have been proposed by Committee l)-8 of the American Society for Testing Mate- 
rials: 

ITie saturant to be derived from pure coal tar; the finished product to weigh 
not less than 14 lb. per 100 sqft.; the material extractable with hot carto disul- 
phide shall not be more than 60 per cent nor less than 45 per cent; the loss on 
heating to 105® F. for twenty-four hours shall not exceed 6 per cent; the raw felt 
shall not contain less than 75 per cent of cotton and wool fibres; the tensile strength 
of a specimen 1 in. wide shall not lie less than 25 lb. when cut in the direction of 
the length of the sheet, nor less than 10 lb. when cut across the sheet; the raw felt 
shall not contain more than 8 per cent of ash. 

In the case of asphalt-saturated felt, the finished product shall not weigh less 
than 14 lb. per 100 sq.ft. ; contain not exceeding 65 per cent nor less than 60 per cent 

< ** Cotl Ur tDd Asphalt Product# for Waterproofiof." by 8. T. Wafoar, CAcin. Bn^-, tB, Hi, 

mi- 
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extra.'’table with carbon disulphide; lose not exceeding 2.5 per cent on heating to 
105° E. for twenty-four hours, nor shall the product after this test be hard or 
brittle; the fibre.s pro, sent in the raw felt shall consist at least of 75 per cent of 
cotton and wool fibres; the tensile strength of a specimen 1 in wide shall not be 
less than 25 lb. when cut in the direction of the length of the sheet, nor less than 
10 11). when cut across the sheet. 

The iViierican Society for T<‘sting Materials (1917) pro}M),sos the following tenta- 
tive sjiecifications for creosote oil to lie used as a priming coat in conjunction with 
coal-tar pitch: 

The creosote oil .shall be a pure tar distillate free from any substance foreign 
thereto; it shall be entirely fluid at 1(K)° F.; its specific gravity at UKU F. .shall 
not lie le.ss than l.(M) nor more than 100; it .shall show less than I jier cent insol- 
uble in hot benzol; when distilled accor<ling to the standard method (p. 522) it 
shall yield not exceeding 2 js^r cent of water, not excei'dmg 5 |kt cent distilling 
under 200° F., not e.xeeeding 50 [ler cent nor less than ItO per cent distilling under 
2d5° (^ and not exceeding 15 in'!- cent of re.sidue at 555° (’. which must be soft 
in consistency. The specific gravity at 100° F. of the fraction distilling between 
255 and 515° C. shall not be less than 1.00 

Similarly, the proposed temtative .s|)ecificalions for the primer to be used in 
conjunction with asphaltic adhesives, are as follows: 

1’he primer shall consist of a paint containing an a.sphaltic base complying in 
every resjK'ct with the a.sphaltic adhesive compound (p. 122), thinned to ordinary 
paint consistency with petroleum di.stillate having an end point on di.st illation of 
not above 200° (\, of which not more than 20 |K>r cent shall distil under 120° (’. 

'rhe sj)('cificatioiis for coal-tar pitch and asphaltic adhesivi's are given in Chapter 
XXVI. 

Preparing of the Underlying Surface. To insiirt' tho ootirsosof hilu- 
mitiizod ftiliric jullmring projM'rly (o the tindeiiying stirfaeo and to 
each otluM’, tho following precautions should he oh.served: 

(1) Where the ineinhrane is to he applied helow grade, an adi'quate 
drainage system must he provided .so tinit the masonry surface will Ijc 
thoroughly drij during the installation of the water[)roofing. 

(2) It is of the utmost importance tliat the work should not lie 
undertaken in rainy, snowy or very cold weather. 

(3) Concrete surfaces should be hrushed, scraix'd or chipjx'd to 
remove all sharp projections which would jnincture the waterproofing; 
also any dirt, foreign matter or cement which may have heen raised 
to the surface during the placing of the concrete. 

(4) Masonry surfaces should be primed with cn'osote oil when 
coal-tar products are to be used, or with an asphaltic paint when 
asphaltic products arc to be used for waterproofing. 

(5) Metal surfaces should be cleaned to remove all rust, scale, 
dirt or grease, and primed with a paint containing either coal-tar 
pitch or an asphaltic base, dci)ending upon the character of water- 
proofing used. 
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(6) The floors (‘f >teel railroad hiidjrcs slauild fii’st ho mvorc'd with 
a 1 : 3 : 5 eon(Teto contaiiimn ] in Mono or gravel, the surface of which 
when set and dry should l)(‘ treated as s|H*cified in l3). 

(7) When coati'd fabrics are used, the adhesiofi may be promoted 
l)y omitting the (anting from one side of the saturated f(‘lt,’ since 
the melted bituminous adlu'sive foims a bett(‘r bond with plain saturated 
felt than felt surfaced with a bituminous coating of harder consistency. 

(8) By surfacing saturated and coated iVlt-' with wood flour, tine 
sand, or sawdust, in^t(‘ad of talc, soa|)slone or otluM- tiiufly dividi'd 
mineral filler, lu'cause the mineral powders exert a rej)ellant action on 
tli(‘ nadted bituminous adliesixe. 

(fl) When burlap is us(m1 in a single sheet, it is customary to 
manufacture it with the bituminous ((atma ap|)li(d in such a manner 
that the meshes betwc'en the strands will remain ojx'n, the th(‘ory being 
that the meltc'd a(lh('si\(‘ will till th(‘s(‘ and thus k(‘v itself more s(‘curely 
to the bituminized fal)ric. 

(10) \ot /c.ss th(Ui 2.") lb. of (ool-Uir pilih or asjthnltic (idfw.snc sfwll 
hi (ippUid per 100 sc/.// of Ufidt rhjUKj jido ic or viasonrij. 

Selecting and Installing the Waterproofing Membrane. \\ h(‘ther a 
f('lt('d or a wo\('n falnic or a combination of the* two is to be used, de- 
pends ui>on the chaiactc’r of th(‘ work and the prebarnce of the (‘iigi- 
iiei'r in chiirge. A wo\en fabric is more pliable, strong(‘r, and l(‘ss liable 
to tear or break wlu'n Ixait o\ei shaip corners, but to counterbalance 
these, the fc'lti'd fabric is less e\pensi\(*, mon* durable and more resist- 
ant to moisture. Alodern pniclici* accordingly favors a combination 
of the two. 

The number (jf courses of bilummizcd fabric to Iw apfilied (k'pciulH upon the 
head of water encountered, the factor of safety soufrlU and the views of the etiKineer 
in charge of the work d'here is no standard practice followed m this connection. 
Where tarred- or asphalt -sat urate<l felt weinhiii}; It lb imt 100 Wjft. is used, the 
follow inn tiKures will .serve as a sah* guide 
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The fabrics should always l>c laid shingle fashion/' and ail the layers applied 
in the same direction. 

(a) When the incrnbmne is to fx? composed of two courses, lay the fabric 
shingle fashion, lapping each course 1 in. more than half the width of the preceding 
one. 

(h) When the membrane is to be composed of three courses, lay the fabric 
shingle fashion, lapping each course 1 in. more than one-third the width of the 
preceding one. 

(c) When the membrane is to be comiwised of four courses, first cover the sur- 
fiice with two layers of fabric laid shingle fa.shion, lapping each course 1 in. more 
thin half the width of the preceding one, and then follow with two additional 
courses installed in the same manner. 

(d) When the membrane is to be comjwscd of five courses, follow the [irocedures 
indicated in (b) and (a) rc.s|H*ctivcly. 

(c) When the finished membrane is to be composed cf !.:< courses, duplicate the 
procedure outlined in (b). 

In the case of railroad bridges where the conditions are c.xtrcrnely severe, the 
following alternative 8|)ccifications are recommended: * 

(1) Krom four to si.x courses of bituminimi felt. 

(2) A middle course of bituminizcd duck with two courses of biluminizcd felt 
on either side. 

(ti) A bottom coursi' of bituminizcd felt, followed by two courses of bituminized 
duck with two upper courses of bituminizcd felt. 

(4) 'Pwo or three courses of bituminizcil duck. 

(5) C'ombiriations of the foregoing with asphalt mastic (see Table XXXIII, p. 1134). 

The waterproofing s|)ecificalions for subway construction issued liy the lOrigi- 

neering Department of the Public Service Commission of the State of Ni'w York 
(Section 189), mid as follows: 

" The fabric must be rolled out into the pitch or asphalturn whik' the 
latti'r is hot, and pres.sed against it so as to insure its being completely stuck 
over its entire surface, great care being taken that all joints are well broken by 
overlapping, and that unless otherwise jicrmitted, the ends of the rolls of the 
bottom layers are wirricd up on the inside of the layers on the side, ami 
those of the roof down on the outside of the layers on the side, so as to secure 
a full lap of at least 1 tt. Especial care must be taken with this detail.” 

It is extremely iiufiortant that the work should be continuous. A lack of con- 
tinuity will be fatal to any membrane, since the water is sure to find its way 
through. Each layer of pitch, asphalt or other adhesive should coniplctfhj cover the 
surface over which it is spread, without breaks, blow-holes or other im|)orfcctions. 
The fabric must be rolled out smoothly, and pressed into the hot cementing mate- 
rial, to in.surc its sticking thoroughly and evenly. Where it becomes nece.ssary to 
temporarily discontinue the work, laps at least 12 in. wide must lie jirovided to 
join with the ensuing section of the waterproofing. On walls connecting with 
floors, the ends of the fl(M>r l.iyer should lie carried through the wall and turned 
upwards outside, whereupon the fabric on the out.side of the walls should lie carried 
down over the ends of the floor layer, lapping at least 12, and preferably 24 in 

1 " The Waterproofing of Solid Steel-floor Railroad Bridgce," by S. T, Wagner. Proe, Am. Soc 
(?»«1 Eng., 19. .300, 1915. 
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On connecting the wall with the roof work, the layers of fahne fnon flu* rtH)f should 
Ik? carried down over the outsjde of the wall layers forming a la|) at leant 12. and 
preferably 24 in. 

Protecting the Waterproofing Membrane. Affor installing llio niom- 
brane, it must be protected against any mechanical injury which is 
liable to occur on backfilling with earth. (l(*|)ositing concrete, or ‘brick- 
ing in; also against sagging, bulging, or running, when subjectial to 
intense summer heat. The following means are adopted for this pur- 
pose: 

(1) On walls it Ls customary to protect the membrane with brickwork, or a 
facing of 1 : Portland-<cmrnt mortar I to J in thick 

(2) On flat surfaces, the membrane is cov(*n‘d with concrete or bricka cinU'dded 
m cement grout or a hitumiiious joinf-lilk'r (j) :kS2). 

(3) Where the membrane is laid on level fhairs of railroad bridges, very gocal 
results have lieen obtained by covering it with a lb*n hi.ver of asphalt mastic 
flooring (|) 371), which i'- sometimes covered hv a e«iurse of asphall-saturaled 
fell. 

Table XXXIll gives a resume' of the damii-priMifing and waterjiroofing methods 
applicable under different conditions to various structures. 


INSrLATING AND SIIDATHING PAPKHS 

Insulating and sheathing pafK'rs are manufacltin'd from special paper 
stock waterjiroofed with bituminous mixtures in one of thnn* difTenuit 
ways, and according to which the following classc's are recogniztal, viz.: 

(1) Paper coated but not saturated. 

(2) Paper saturated but not coated. 

(3) Paper both .saturated and coated with bituminous compositions. 

The function of the insulating or sheathing pajx'r is to prevent the 

transfer of heat from the outside to the in.side of a dosed chamber or 
building. Expressed in another way, its purpose is to keej) the inside 
either cooler or warmer than the surrounding atmosphere. In the case 
of cold-storage plants, railroad refrigerator cars, i(*e tlu'sts or vaults, 
insulating papers are used to keep the interior cool; whereas with build- 
ings and residences heated artificially in winter, the function of the 
building or sheathing paper is to keep the interior warvi, by preventing 
the egress of heat. 

Insulating and sheathing papers are u.sed to line walls, floors, and 
sometimes ceilings in one or more layers. The greater the numl)er of 
layers used, the more efficient the installation. For buildings and resi- 
dences, usually one layer of the pa|)cr is employed, whereas for cold- 

>“ Modern Method* of Waterproofing,” by M H. l.ewic, N Y, 19M. 
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TABLE XXXIII 

DESCRIPTION OF WATERPUOoriNG AND DAMP-PROOFING METHODS'* 


No. 

Materials Employed 

Method of Use 

Thickness. 

Remarks 


.Sur/'ice coal%no8: 




A 

B 

Clpar damp-proofing 
paints. 

Paraffine melted and 
applied hot 

Brushed cold on exterior 
surfaces. 

Brushed hot on exterior sur- 
faces previously warmed 

2 coats 

Penetrates J 
to ) in. 

For damp-proofing new or 
old work above ground, 
also to preserve building 
stone and prevent efflor- 
escence 

C 

Black damp-proofing 

Brushed cold on interior 

2 coats. 

Used to replace furring and 


paints. 

surfaces. 


lathing. 

D 

Bituminoua cements. 

Trowelled cold on exterior 

1 coat, A to 

Used for same purposes as 



or interior surface's. 

A m thick. 

black ilamp-proofing paints, 
also to a limited extent on 
outside of walls 

£ 

Bituminous adhesive 

Mopped hot on exterior sur- 

1 mopping. 

Used on outside of walls 


compounds. 

facet. 

A to i in 

where conditions are not se- 




thick. 

vere. 


Integral mtihod»: 




F 

Cement-mortar with 

•As a facing on interior sur- 

i to 1 in. on 

Used as facings on new 


waterproofing com- 

faces expose'd to mode- 

floors; i to 

work or to remedy defer- 


pound 

rale or great heads of 

J in. on 

live old work, also as 



water, also as a stucco on 
exterior walls 

walls. 

stucco on new work. 

G 

Carefully graded con- 

Mixed 111 the body or mass 

Throughout 

Suitable only for new work 


crete with water- 

of the concrete when 

the con- 

in the course of construc- 


proofing compound. 

1 formed 

crete 

tion 


Membrane method: 




11 

Bituminixed fabrics 

In alternate layers on exte- 

2 to 10 lay- 

Suitable only for subgraJe 


cinployiHl in con- 

rior surfaces exposed to a 

ers 

work in the course of con- 


junction with bi- 
tuminous adhesive 
compounds. 

head of water. 


Btruetion. 


Plastic method: 




I 

Asphalt mastic. 

As a plaster or costing on 

i to 1 in 

Gives the best results oi 



surfaces exposed to mode- 

thick. 

horizontal surfaces in new 



rate heads of water 


or old work, difficult to 
apply on vortieol surfaces 


Membrane and plasttr 





method: 




J 

Bituminiied fabrics 

In alternate layers on sur- 

2 to 5 lay- 

Suitable only for new work. 


employwl in con- 

faces exposed to moderate 

ers of fab- 

Capable of withstanding 


junction with as- 

or great heatls of water 

ric with a 

\ibratioa. 


I)halt niustic. 


total of i 
to 1 in of 
mastic. 



■* IFoierproo/In® ia inteiuieil to preheat the inKress or CKr^ss of water existing under preasure, 
damp^prooAne ia intended to res.Bt the iugresa of nK>ieturo in places where it cannot accumulate 
under pressure. 


storage plants, refrigerator cars, and ice chests it is customary to use 
two or more layers of the paper with air spaces in between. The 
least expensive and most efficient form of insulation consists in confining 
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TAHLE XXXlll-ConHnutd. 

METHODS SUITABLE FOR VARIOUS STRUCTURES 




During 

After j 


Nature of Work. 

('onstrue- 

Construe- 

Remarks. 



tioii (New 

tion (Old 




Work) 

Work) 


Btttldtngt 

On inside 

c. I) 

(\ D 


For damp-proofing walls and replac* 






mg furring and lathing 


t)n outside 

A, B 

A. n 


For dam|>-proofing and preservinj 

Kipoceci walla 

On outside 

!• 

A 


stone and to prevent elHoretcence 
For waterproofing stucco and pre- 






venting cracks 


On outside 

D, K 

1>, K 


For damp-proofing where appear- 






ance in immaterial 

Huperstrurtural tloora ^in liath-roon a, 

K, 11, 1 

F. I 


For preventing seepage or else to 

toilets, la\ oratories, staliles. iraraKes. 
etr ), swimniiiig pools and liinls 




retain water. 

indoors 






Foundation pits, wells, trenches, fool- 

I , H 

F 


For reaiating eiternal water pressure. 

ings, basement walls and fluiirs 
Concrete blocks 

A, F 

A 


For damp-proofing and preventing 






cracks. 

Railroad structures • 

Subways, tunnels, arches, cuhcrii. 

F, n. H 



For resisting water iiressure or pre- 

and retaining walls 


F j 


venting seepage, and in certain 






cases to withstand vibration (ev» 
cept F). Orest skill reipiireil to 

BndgOH 


H, 1, 1 

I- 1 


waterproof ajter construction. 

Water and gtuage systems 





Reservoirs 


r. o If. 1 

F, I 


For resisting water pressure Mastic 



1 



(1) difficult to instal when masonry 
once saturated with water 

Danis, conduits, filtering chambers. 

i;, F, (I 

F 


For preventing seepage of water or 

aqueducts, sewage disposal s.vstens 
said manholes 




sewage through masonry. 

Marine work: 
Concrete piles, 

, piers, sea walls, and 

F. 0 

F 


F'or protection against frost and tbs 

cement ships 




destructive action of sea water. 


a “ dead ” or non-circulating air space Ijetwccn two or more layers of 
insulating paper. 

In practice, the paper is introduced in the floors, walls and parti* 
tions of buildings between protective layers of wooden boards- lo 
other cases, the insulation is manufactured in the form of flat sheets 
composed of vegetable or animal fibres (e.g., flax, hair, etc.) sewn or 
otherwise fastened between two layers of bituminized paper, and known 
to the trade as ‘‘ flax felt," " hair felt," etc. 

Untreated paper answers poorly for insulating purposes, as it will 
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become affected by the moisture and dampness resulting from the 
condensation which occurs whenever a cool surface comes in contact 
with warmer air carrying a larger percentage of moisture. Under the 
influence of moisture, raw paper soon disintegrates and loses its 
value as an insulator. It is necessary, therefore, to waterproof the raw 
paper- to enable it to satisfactorily resist decay. Asphaltic materials 
and waxes are ordinarily employed for this purpose. 

Raw Paper Stock. A strong paper of open texture should be used 
for manufacturing insulating and sheathing papers. In accordance with 
the paper-makers’ scale the raw stock is designated by a “ number,” 
corresponding to the weight in pounds per ream composed of 500 
sheets, each measuring 2 by 3 ft.; in other words, by the weight in 
pounds of 3000 sq.ft. Raw papers from No. 30 to No. 180 are used, 
composed of one or more of the following classes of fibres, viz.: 

(1) Jute, hemp and manila fibres. 

(2) Chemical wood fibres (sulphite and sulphate fibres), 

(3) Mecihanical wood fibres (i.e., ground wood). 

(4) Hag fibres (cotton and wool). 

The first three ckusses are ordinarily used, and rag fibres in rare 
cases to open up the “ texture ” of the sheet, and enable it to 
saturate more readily.* Rags serve to increase the ” thickness factor ” 
and correspondingly decrease the “strength factor” of the paper. 

Jute, hetnp and manila fibres impart toughness, strength and permanence to the 
paper. Chemical wood fibres also tend to strengthen the paper, but are not regarded 
with as much favor as the foregoing, since it i.s difficult and in some cases impossible 
to remove the last traces of chemicals, which in time are apt to decomjxxse and 
weaken the papier. Chemical wood filircs are divided into two classes, viz.: sul- 
phite and sulphate fibres respectively (p. 5<>S). The sulphate fibres are present 
in “ kraft " papers, and repre.scnt one of the strongest of all fibres. Mechanical 
wood fibres are the first to “ rot ” and decrease in strength, and their proportion 
should therefore be kept as low as possible. 

In ascertaining the value of the raw paper for insulating and sheathing pur- 
poses, preference should be given to stock carrying the smallest percentage of 
mechanical wood. It is advisable that this should not exceed 2i) per cent of the 
total. The balance may consist of jute, hemp, manila and chemical wood fibres in 
varying proportions, or chemical wood fibres alone. A good kraft paper will consist 
of 100 per cent chemical wood (sulphate) fibres. 

The paper should be loose in texture, showing a thickness factor of 0.090 to 
0.126 (p. 5<>0), a strength factor (ascertained by the Mullen tester, p. ,390) rang- 
ing from 0.35 to 1.00 (averaging about 0.60), and not exceeding 3 per cent ash on 
ignition. The highest strength factors are shown by kraft papers which are some- 
times guaranteed to test a pound on the MuUen tester, for each pound in weight on 
the paper-makers’ scale. 

I The ftddition o( rsg fibree rerely exceeds 25 per cent by weight. 
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Bituminous Saturations. For saturatinp the paper, the bitunuiunis 
composition may consist of the followinp: 

(1) Dark-colored mixtures similar to those used for saturatinii 
prepared roohngs (p. 

(2) Light-colored mixtures containing one or more of the following prod- 
ucts: paraffine wax, petrolatum, viscous cylinder oils and wax tailings. 

Bituminous Coating Compositions. Dark-colon'd asphaltic mixlun's 
are used, similar to the coatings of [)rcpar(‘d roofings (p. 3B2), with tlw' 
(‘xception that they are usually nianufactun'd hard(‘r in consistcuicy and 
of a higher fusing-point. A small p(*rcentagc of mineral, animal or 
table wax (o to IT) |H*r cent) is .sometinu's added to impart wax-like 
proix'rties and an “ unctuous ” feel.' Itesidual ju^phalts have' also l)C(‘n 
jiatcnied for coating purp(''es“ 

Method of Manufacture. 'I'he raw paix'r is saturated, coat(*d, (tr 
both saturated and coat(‘d by a machine similar to that used for manu- 
facturing prepared roofings (p. The w(‘b is .saturated by running it 

through a tank of melted .saturating material, usually heati'd by sfcami 
to a temiHuature of 22.') to 3.')()° F. As pa|H‘r stock is considerably 
(k'lise'r than roofing felt (the thickm'ss factor amounting to ) to 1 of Ihi' 
latter) it will carry a correspondingly smaller iMTcentage by werght of 
saturation. A w ell-sat urateal pajMT should contain not le.ss than Tt* 
IK'r cent of bituminous .saturation baser! ein its fini.sherl werght. The 
greater the peuermtage* e»f saturation jire'.semt, the* more' me)i.sture‘-re‘sistan1 
will the paiKT l>e. In rare case's (he* .saturate'el paiMT will e-arry as high 
as .50 i^er cent by weight of biturnirmus saturation. 

f The e'oating is apf)lieel te) the* pa|)er thinne>r than in the ca.s(‘ e)f pre*- 
pareel reiofings. It will range freun 10 to 2.5 lb peu’ KKM) sepft. (r(*fe*r- 
ring to the coating on both .siel(*s e)f the* shee't), whe'ii apj)li(‘el te) satu- 
rated i)a|)ers, with an ine*rea,sc‘ of alx)Ut 25 jX'r e*ent fe)r j)aiH*rs whie*li 
are coated but not saturated. 

InsuLiliiig and sheathing i)a|H*rs arc wild in rolls ronl.aining KKM), !’0) anel in 
sonic ra.sc.s 2fi) s(j fl There* arc no standard werghts rccogni/cd hy Oic trade*, e*a( li 
inanufae-turcr following his own views. Papers arc marketed at the pre*scnt time 
from 20-12,5 11). I)er KMX) sq ft., the heavy weights falling on the lK>rele*r-lmc Ixtwes-n 
paixrs anel “ felts,” often conUiinmg ei proi)ortion of rag stock 

Efficiency of the Paper .I'he efficiency of the finished prfxluet is 
dependent upon the following features: 

(1) Weight per unit area. 

(2) Mullen strength at 77® F. 

(3) Heststance to moisture. 

I r S Pat 426,0.33 of Apr 29, 1880 to H J Bird 
> L*. S. Pat 378,520 of Feb. 28, 1888, T J Pearre and M W. Beardsley. 
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It is a peculiar fact that the tensile strength of the jwiK’r will gradually increase 
after manufacture at first rapidly and then more slowly as the paper seasons. Sat- 
urated and coated papers an* more waterproof, more durable and letter insulators 
than the other types. Similarly, a paper which is saturated is more efficient than one 
which is simply coated. The several methods of waterproofing are designed to meet 
the prevailing views of engineers, some preferring one and some another. Sometimes 
the purpose for which the. pajier is to Ik* employed will predetermine the ty})e used; 
for example, for surfacing shiicts of fibrous material (flax-felt or hair-felt), saturated 
papers only <;an be employed, since coated paixrs would gum up the needle of the 
machine used for sewing the sheets together. 

The moisture-resistant projK'rties of an insulating jiaper may be ascertained by 
weighing and finding the Mullim strength of a sheet of jiredetermincd area before 
and after immersion m water for forty-eight hours. A scpiare foot of the pajier is 
ordinarily employed for this purpose. Well-known brands of paiier tested by the 
author showed tlie following results’ 



Snturiited 

Sail rated 
Onh 

Satiiiuted 
and Coiilcd 

Saliinitcii 
,111(1 Coated 

Saturated 
and Coated 


.1 

1! 

(' 

I) 

K 

I’oiiihIh per lO(K) si) ft. 

.S2 2 

7S !) 

d.'l .1 

01 0 

101 0 

IVrco tiiK<‘ <if iiKplialt 

1.'. tl 

2;? 2 

.M 0 

r);i 0 

.W 0 

Mullen alroiiKUi in puiiiiila 

.'i.S 1 

:»s s 

;u s 1 

17 l 

00 3 

Aflir inimirHioir 
(litin in weinht percent 

:i2 0 

f.) 7 

27 .-i 

2.5 0 

20 h 

l.i HH III blieiiKth per eeni 

:.i 7 

71 7 

rii .5 1 

,'l 0 

.'5 h 


Pa|H’rs A and li originally weighed almost tin* .sami*, but the gain m weight and 
loss in strength are very much less m A, due to the larger ponrntage of a.sphalt 
carried by the pa|H*r. 

'Die thicker thi* pajH'r, the ctronger and more durable it will prove to be How- 
ever, from the standpoint of insulation it is better to use two layers of a thin pajier 
with an air space in Ijetween, than a single layer of thick paper equal to their 
combined thickness. 

Saturated and Coated Papers for Electrical Insulation. Sometimes 
papers of this construction arc used for electrical insulating purposes, as 
for example in constructing automatic telephone switchboards for wrap- 
ping wires and cables, etc. The following tests were obtained by the 
author upon subjecting papers of this character to an alternating cur- 
rent increased at the rate of 125 volts jx'r minute lietween Hat disc ter- 
minals with rounded edges, the areas of contact measuring exactly 1 sq.in.: 



.1 

li 

c 

/) 

Weight in pounds per 1000 b(i ft 

21 

42 

GO 

90 

Thickness in mils 

5 

8 

12 

20 

Mullsn strength at 77° F. 

25 0 

30 0 

40 2 

72 2 

Breakdown voltage at 77° F 

7.50 

1190 

1037 1 

2050 

Volts per mtl. 

150 

1 

149 

1.S7 

1.32 
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ELKCTHK’AL INSCLATINC, TAPE 

Bituminizod tajx's for rloclrical insulating purposes are prepared 
by passing strips of cotton or muslin through a bath of molted bituminous 
material int(‘ndec! to till tlie jK)res of the fabric and provide a slight excess 
on the surface. They an' manufactured in widths of }, and 1' in. re- 
spectively, and wound in J to ^-Ib. rolls, averaging .} lb. The length per 
pound varies from 02 to 72 lineal yards for i-in. tape, 40 to 50 yards 
for J-in. tape and 31 to 30 yards for 1-in. ta|x^. The thickness will range 
from 0.015 to 0.025 in., averaging 0.020 in. 

A sheet of cotton cloth weighing from 4 to 6 oz. per square yard 
is pas.sed through a bath of melted bituminous composition, so that an 
excess will adhere to the surfaces (from 0.005 to 0.007 in. to both sides 
of the sheet) and after cooling, is torn into strips of the desired width 
and wound into rolls of predetermined weight. The weight of the prod- 
uct should average 1 lb. fx'r square yard, carrying alaiut 0.33 lb. of 
cotton fabric and 0.67 lb. of bituminous saturation and coating. 

Characteristics of the Bituminous Impregnation. The bituminous 
compo.sit ion with which (he fabric is treated may consist of one or more 
of the following products: 

Pure native asphalts, residual asphalts, blown petroleum asphalts, 
wurtzilite asphalt and fatty-acid pit(‘h, u.sed either singly or in various 
combinations when of the requin'd consi.Mency; or else' if too hard (and 
the same applies also to a.sphaltite.s) fluxeil to grade with one or more 
of the following, viz,: soft native a.‘<phalt, residual oil, soft residual 
asphalt, soft blown petroleum a.sphalt, soft fatty-acid pitch, animal and 
vegetable oils and fats, and wool grease. 

It .should comply with the following tc.sis. 

(1) The consistency at 77" F. should lx* lx4ow 70 (Test 9c). 

(2) The susceptibility factor (Test 96) should lx? as low as possible, and prefer- 
ably under 26. 

(3) The ductility at 77" F. should lie as high as possilile, and preferably over 26 
centimeters (Te.st 106). 

(4) The fasing-point by the K. and S. method (Test 15a) should be Ijetweeo 
80 and 100" F. 

(5) The volatile matter at 600" F. in four boure (Test 16a) should not exceed 
6.0 per cent. 

(6) It should appear " tacky ” and adhesive at room temperature, and retain 
this property as long as jxissible on exposure to air. A strip of tape hung indoors 
and protected from the direct rays of the sun should show no dimunition in tacki- 
ness at the end of two months. This is important, for if the tape once dries out, 
it becomes valueless. 
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According to the Navy Department’s specifications for insulating tape issued 
July 11, 1910 (No. 17-T-l) the finished product should comply with the following 
requirements: 

The surface must be smooth, the body entirely free from holes, the edges straight 
without ravelling, and the width uniform. When unwinding from the original coil, 
there must be no tendency to leave a thread sticking to the next layer. When 
held before a strong light, there must be no evidence of pin holes. The cotton to 
be well saturated but the compound must not be put on in excess. The separation 
under a pull of 2 lb. j)er inch width applied to a coil rewound on a 1-in. mandrel, 
under a tension of 10 lb. at 75® F. .shall not exceed 8 in. per minute. A strip 
exposed to dry heat of 210® F. for sixteen hours shall show a separation of not 
exceeding 3 in. per nnmite at 75® F. under a tension of 2 oz. per inch width, when 
wound irj a coil on a i-in. mandrel immediately after removal from the source of 
heat. The weight of the compound applied to the fabric shall be al)Out 0.05 lb. 
per square yard. The ash on burning shall not exceed 45 |>cr cent. I'he tensile 
stretjgth at 75® F. shall not l)e less then 40 lb. |)er inch of width, when p(‘rformed 
on a rubber testing machine, the initial distance l)etween the clan ps being 3 in., 
and the rate of 8e[)aration 3 in. per minute. The dielectric strength shall not be 
less than 1000 volts jxir millimeter thickness (5 minims). No breakdown shall 
result between two brass balls 2 cm. in diameter, at the specified alteniating poten- 
tial having an effective value at a frequency of GO cycles, applied continuously for 
five minutes. In making the test the electrodes must be brought close together 
so that the tape will just move between them. The tape shall Im? packed in tissue 
paper or tin foil ^nd enclosed in a tin box, to prevent it from drying out. 


BITUMINIZED WALL BOARD 

Methods of Manufacture. Wall board is used in forming ceilings, 
also partitions between the rooms of dwellings. It is nailed directly to 
the wooden beams and takes the place of lath and plaster. Wall board 
is manufactured by assembling two or more layers of pulp board (manu- 
factured from ground wood) or chip board (manufactured from waste 
papers), so as to form a total thickness approximating \ in. The 
individual layers of pulp or chip board measuring 0.025 to 0.060 in. are 
generally cemented together with silicate of soda, but in certain cases 
asphalt is used. The manufacturers contend that asphalt contributes 
to the moisture-resisting properties of the finished board, but this, how- 
ever, is a mooted question. When asphalt is used, it is introduced while 
melted between the several layers of pulp or chip board, following sub- 
stantially the same procedure as in manufacturing multiple-layered 
roofings (p. 410), 

Each asphalt layer varies from 0.020-0,025 in. thick. Theoretically, an asphalt 
having a specific gravity of 1.00 at 77® F. should weigh 5.20 lb. per 1000 sq.ft, in a 
layer 0,001 in. thick. Actually, however, it will weigh 4,80-4.86 lb., due to the fact 
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that a portion of the asphalt soaks into the l)oard on account of its porosity and 
slight irregularities in its surface. 

Another type of bituminized wall Iward consists of a single layer of chip Ixiard 
measuring about 0.060 in. thick, surfaced on one side with a fairly heavy coaling 
of asphalt, in which are emliedded wooden lath strips, spaced at intervals.' This 
may either be used as a wall board by fastening it with the smooth side outward, 
or if reversed, it may Ik* used as a plaster Iniard, and plaster applied directly, to the 
lath striiw. Still another modification consists of wooden lath strips coated with 
asphalt and assembled side by side between two layers of strong paper or chip 
l)oard firmly cemented in 'place with usohalt * 

• (’ S Pat 8ns.^^7 o( I."). 1907 to C. F Biahopnr 

* U tf Pat 200,850 of Au* 13, 187K to 1 ) S Arn-atronf. 



CHAPTER XXVI 


SEMI-LIQUID, SEMI-SOLID AND SOLID BITUMINOUS 
COMPOSITIONS 

Adhesive Compounds for Built-up Roofing and Waterproofing Work. 

Tar-pitchca and aaphaltir products arc used for this purpose, similar 
in composition to the surface coatings of sheet roofings (p. 392). Adhe- 
sive compounds arc employed in three classes of work, viz.: 

(1) For constructing membrane waterproofings on underground work 
exposed to uniformly moderate temperature conditions, as for example 
tunnels, foundation.s of buildings, retaining walls, etc. 

(2) For constructing membrane waterproofings on structures above 
ground, exposed to wide fluctuations in temperature and subjected to 
severe vibration, as on bridges, culverts, etc. 

(3) For constructing built-up roofs exposed to extremely wide fluctu- 
ations in temperature, and to little or no vibration. 

Each class will be considered separately. 

Adhesive Compounds jor Membrane Waterproofing Underground. 
Since these are exposed to uniformly moderate temperature conditions, 
they are usually prepared of a comparatively low fusing-point. The 
two most important considerations are that they should have a high 
tensile strength and great ductility at 77° F., and it is immaterial whether 
or not they have a low susceptibility factor. 

The proposed tentative specifications for coal-tar pitch recommended by the 
American Society for Testing Materials, (1917) for waterproofing under moderately 
uniform temperature conditions (Type A) are as follows: 

(а) The fusing-point as determined by the cube method in a water bath shall 
be between 120-140® F. In specifying the fusing-point within the above limits, a 
variation of not more than 6® F. in either direction will be permitted. 

(б) The penetration at 77® F. shall not be less than 20 nor more than 120. 

(c) The ductility at 77® F. when a briquette having a minimum section of 1 
sq.cm, is pulled apart at the rate of 5 cms. per minute, shall not be less than 40 
oms. 

(d) The loss of a 20-gram sample on heating five hours at 325® F. shall not 
exceed 9 per cent for pitch having a fusing-point Ixjtween 120 and 130* F., or 7 
per cent for pitch having a fusing-point In'tween 130 and 140® F. 

442 
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(e) The Bpecific gravity at 77/77 F. nhal! fall within the range of 1.24 and 1.34. 
The specific gravity at 140/140“ F of the distillate to 071* F. shall not be less than 
1 . 00 .- 

(/) The matter soluble in hot toluol-lienzol shall not be less than 65 or more 
than 85 per cent. 

ig) The ash shall not exceed 1 per cent. 

The firojKised tentative specifications for asphalt recommended by the same 
Society (1917), are as follows. 

(a) The fusing-ixant .shall 1)C lietween 100 and 140“ F. as detemiined by the 
bull and ring method in a water bath, and shall be specified for one of the following 
classe.s: 130-140* F.' 115“-13()F: 100-115* F. 

ib) The fXinctration ut 77* F shall not Ik* leas than 15 nor more than 125, and 
shall bear the following relation to the fusing-iKiint: 

IVnetration range of 50 75 for fusing*|K)ints Ix'tween 130-140* F 

IVnetration range of 75-100 for fiising-|K)inta In’twci'ii 115-130* F. 

Penetration range of l()t^-125 for fusing-fxiints Ix’tween IIX)-115“ F. 

(c) The ductility ut 77* F shall not lx* le.ss than 30 ems, 

(d) 1'hc six'cific gravity at 77/77* F, shall not lx; more than 1.08. 

(f) The solubility in cold carlxui disulphide shall not lx* leas than 95 per cent. 

if) The I 0 S.S of a 50-gram sample on heating five hours at 325* F. shall not 
exceed 1 ixr cent, and the |x*netratn)n of the it'sidue sliall not be less than 50 jier 
cent of the original ix*nel ration. 

(g) The ash shall not exw'cd 4 fier renf 

The sfxjcifications issued by the Public iService Commission of tho State of New 
York for a.'<phaltic adhesive to lx* used in subway construction, provides for smaller 
ranges in the tests, vh.: 

(а) Not less than 95 per cent shall lx* soluble in cold carlxm disulphide. 

(б) At least 98J per cent of the jxirtion soluble in cold oarlxm disulphide shall 
be soluble in cold carbon tetrachloride. 

(c) The flash'point shall not lx? Ix'low 350* F. when tested in the New York 
State closed tester, 

(d) When 20 grams are heated for five hours at 325* F, in a tin Ixix 2) in. in 

diameter, the los.s shall not exceed 5 fxr cent by weight, nor shall the jK'netration 

at 77* F. after such heating lx? le.ss than one-half the original jx'netration. 

(c) T7ie fusing-pomt by the K. and S. method shall lx? lief ween 115 and 136“ F. 

(J) The fjenetralion at 77* F. shall lx? b(?twecn 75 and 100. 

ig) 'Fhe ductility at 77* F shall not lx* less than 20 ems. 

Adheme Cmpnunds for Membrane Waterproofing above Ground. 
Bituminous materials used under these conditions must necessarily 
with.stand wide variations in temperature without softening or l)eeoming 
brittle. In other words, the material shouhi have a low susceptibility 
factor. This will neceasarily exclude tar products, and restrict the 
choice to the following asphaltic compositions: 
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(1) Asphaltites fluxed to the desired consistency with residnsl oil, petroleum 
asphalt or soft residual asphalt. 

(2) Blown petroleum asphalts of the proper consistency. 

No “ standard ” specifications have at present been proposed for this class of 
work, but in general the adhesive should comply with the following characteristics: 

(а) The penetration. (Test 96) shall range as follows: 

At 115" F 
At 77" F 
At 32" F 

(б) The susceptibility factor shall not exceed 35 (Test 9(/)‘ 

(c) The ductility at 77° F. (Test lOa) shall not be leas than 20. 

{(1) The fusing-point by the K. and S. method (Test 15a) should be l)etween 
12.5-155" F. 

(e) The volatile matter at 325" F. for five hours (Test 16a) should be less than 
1 per cent. 

(/) The flash-point (Test 17a) should exceed 450° F. 

ig) Solubility in carbon disulphide (Test 21a) to exceed 95 i)er cent. 

(h) Solubility in 88" naphtha (Test 23) to Ik; greater than 80 \xiT cent. 

Adhesive compounds may l)e safely heated to 400° F. when applied to the 
niasonry or felt. A typical product of this group is represented by the specimen 
of blown petroleum asphalt derived from Mexican crude oil having a fu.sing-point 
of 143" F. (K. and S. metho<l), included in Table XXV, facing p. 294. 

Adhesive Compounds for Built-up Roofing Work. This class may 
either consist of coal-tar or asphaltic products as they are used in 
structures where there is little to no vibration. The same materials 
are adapted for this purpose as for the coating compounds of prepared 
roofings but they are generally prepared of a softer consistency and 
lower fusing-point. The susceptibility factor does not play an impor- 
tant role, and the ductility may be considerably less than in the fore- 
going class of adhesives. No standard specifications have been pro- 
posed for this group of products, but the author’s experience dictates 
the following ranges: 

(а) Penetration at 77" F. (Test 96) to be between 25-75. 

(б) The consistency at 77" F. (Test 9c) to be between 10 and 26. 

(c) The ductility at 77" F. (Test 10a) to be not less than 10 cms. 

(d) The tensile strength at 77" F. to In; not less than 2.0. 

(e) The fusing-point of coal-tar products by the culje method (Test 15c) to 
range between 145 and 175" F. 

if) The fusing-point of asphaltic products by the ball and ring nr.ethod (Test 
166) to range between 160 and 190" F. 

' Th« following tests have been suggested to insure suflScient pliability at low temperatures, also 
resistance to the heat of the sun: a prism i in. XI in. X3 in. when reduced to 0* F. m a mixture of 
snow and salt must remain pliable, and a 2>in. cube must not flow or become distorted when sub- 
jected to 110* F. for 10 hours. 


100-150 

50-100 

25-50 
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(g) The voLitile nuilter at 325" F. in five houro (Test Kxi) sliall not excoixi 
I per rent, and the ix*netn\tion of the resKiue at 77“ F. to lie not less than 60 jkt 
cent of the onginal ^KMietration. 

(A) The flLsh-|K)int ( I'est 17rt) to exceed .‘J60* F. 

(j) The soluhility of asphaltic products to exceed 05 per cent in carbon disul- 
phide (Test 21(i) and 75 i)er cent in 88" naphtha (Test 23). The solululity of coal- 
tar pnxlucta in hot toluol-lienxol (Test 22) to ninne l)etween (>5 and 85 jier cent 

Compounds for roofing work are usually applied at tcmperalure of 35(>-40()" F 

Pipe-dips and Pipe-sealing Coir pounds. Pipe Dips. To i)rol()nK 
the life of metal pii)es, it is st nietimes customary to tr(*at them with 
stdid bituminous eoinjxisitions * to protect them either inside or outside 
or lx)th. The treatment may consist in simply dipping the pipe in the 
nieltod compound, a comliination of dipping and wrapping with a 
bituminizetl fabric or burying the entire pipe in a trough filled with 
bituminous matter.* Steel pifX's are more susceptible to corrosion than 
ca.st-iron pifies, since the minute [larticles of grajihitic carlion or els(' the 
molecular structure of the cast iron tends to itdard its action. PifK's 
are prone to corrcKle internally when used for conveying water, includ- 
ing water-mains or water-supply pipes. The external corrosion is 
brought about by one or more of the following circumstances: 

(1) Exfxisure to moist soil conditions. 

(2) Electrolysis induced liy stray el<‘ctric currents. 

(3) Exposure to mineral salts in the soil, as for example the “ alkali ” 
normally occurring in some of the western States. 

(4) Contact with dilute acid, as for example sulphuric acid occurring 
in the water of coal and other mines, and derived from the sulphur 
present in the minerals (sulphides, sulphates, etc.). 

Cast-iron pipes are rarely protected at the present time, but steel 
pipes are often coated, and especially when used for the following pur- 
poses, viz.: water mains, lines for conveying oil across the continent, 
steel flumes for irrigation or jxiwer purposes, compreased-air pip(*8 for 
operating block signals or switches on railways, conduits for transmis- 
sion and telephone wires, {)ii)ea for conveying illuminating or natural 
gas, pipes apt to come in contact with acid liquors in mines, etc. 

To fulfil its function satisfactorily, a covering should be;* 

(1) Impervious to air and moisture, and a non-conductor of electricity. 

I LinMed oil ftnd bitiiminoui punti, p. 472, abo inorganic matoriala aiich m alloyi, oxides, 
■ilicatw, and Portland-rement mortar or ooncrete are alao u«(ed for this purptao. 

Rustless Coatings’’ by M. P. W’ood, 1st Edition, New York, 1904, Chapter XII; "The 
Industrial and Artistic TMhnology of Paint and Vambh," by A. H. Babin. 2d Edition, New York, 
1917, Chapter XVIII: Series of articles by R. B. Harper entitled " The C<inipara<ive Values of 
Various Coatings and Coverings frr the Prevention of Soil and Klortrolytic Corrosion of Iron 
Pipe,’’ Am. Gat Light J . 91 , 429. 475, .W8, 575, <125 and 6fl7. 1909. 

‘"The Corrosion of Mefsls," A H. Sexton. MaiicheMer, England, 190?. 
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(2) Of such a character that should the surface be broken through, the covering 
will not accelerate corrosion. 

(3) Not susceptible to Ijeing chipped or broken through by any treatment 
which the pipe may receive during its installation or use. 

(4) Durable without l)ecoming porous, brittle or cracking by the action of air, 
moisture or light under the conditions to which it is likely to be e.\posed. 

(6) Incapable of producing any deterioration in the metal to which it is applied. 

(6) Easy of application. 

(7) Easily renewable, if the surface l)ecome8 broken or damaged by accident or 
otherwise. 

The first compound to be u.sed for this puriwse was comf)osed of moderately 
hard coal-tar pitch combined with lin.seed oil.' The pipe to be treated was brought 
to a temperature of 300° F., and then imrnerst'd into a bath of the pitch mixture 
maintained at the same temfjerature. The pi|)c u|)on Iwing removed was kept at 
3(W° F., and protected from draughts until the coating baked hard and tough. 
Pipes treated in this manner are said to have proven very durable. 

M^em practice is very similar to that followed by Smith, but when coal-tar 
pitch is used the linseed oil is replaced with creosote oil (i , dead or anthrac(‘ne oil), 
of which small quantities are added from time to time, to maintain the pilch at the 
proper fusing-point and hardne.ss, .since continuous heating would olherwisi* volatilize 
the light oils, and gradually harden the coal-tar iiitch. Under the most favorable 
conditions, however, coal-tar pitch and creosote oil form a brittle coating which is 
apt to be injured and chip or scale off in time For the.se rea.sons asphaltic com- 
positions are being used in place of the coal-tar pitch, and generally with better 
results. 

The most satisfactory asphaltic compounds corresjwnd in physical properties 
with the adhesive compounds ased for waterproofing railroad bridges (p. 44;u, 
having a low susceptibility factor, moderately highfusing-fwint, moderale hardness, 
great toughness, elasticity and adhesive properties. Residual oil is generally used to 
keep the asphalt fluxed to a unifonn hardness and fusing-point 

The bituminous mixture is maintained at alxiut 400° F., in a horizontal or verti- 
cal tank, well insulated to prevent radiation, and heated by coal, oil or producer 
gas. The sections of pipe are first placed in an oven through which is circulated 
a current of air heated to 400° F., then immersed into the bath of melted bituminous 
matter, allowed to drain in a heated chamlicr aljove the tank and finally cwled The 
Wished coating is 0.05-1.10 in. thick, and because of the “baking” to which it 
baa been subjected, its fusing-point becomes a good deal higher than the compound 
ongmally placed in the tank. 

The i^at objection to the use of a dipi)ed coating is the ease with which it 
becomes injured on handling during transiwrtation or installation. This objection 
may be overcome by wrapping the pipe spirally after it has been dipped with strips 
n fabric, such as tar- or asphalt-saturated paper, felt or cloth 0.005- 

0.100 in. thick (measuring 10-15 sq.ft, per pound). For wrapping 2-in. pipes, 

stn^ are used; for 4-in. pipes, 16-in. strips; and for 8-in. pipes, 32-in. strips. 
Ihe fabric may be fastened to the dipped coating by the agency of thin layer of 
melted bituminous composition, or the cold application of a paint composed of the 
composition dissolved in a volatile solvent. The pipe after beinr trapped may 
either be marketed as such or else surfaced with another such coating. Pipes finished 
* Eng. Pit. of 1848, No. 12.291, Ort. 19, to R. .4ngu« Smith. 
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in this manner are much susceptible to injury, and will last for many yean 
even when subjected to severe conditions. 


Pipe-fiedliny Compounds. Hituminous com|X>unds have also met with 
considerable success for sealinj? the joints of metal or earthenware sewer 
and drain pipes. Asphaltic compounds are u.'^ually used for this purpose, 
carrying 50 to 65 per cent of fiiudy divided mineral matter, preferably 
silica on account of its re.sistamv to acids and other corrosive ag«'ncies. 

The pipes ntay be assembled underground in a trench or pijx' gal- 
lery, and the bituminous composition melted at a temperature of 350 
to 400° F. poured into the joints, which should first be widl caulke<I 
to hold the com|X)und in place. Sometimes two or more sections of the 
pipe are joined together above ground, while tliey are maintained in a 
vertical position, and when the compound cools they are^'oupled to 
additional lengths below ground. This will save time, since it is easier 
to form the joints while in a vertical |K>sition, than when laid horizon- 
tally. 


The following specificution.s apply to a well-known pii^o-wal compound on the 
market : 


(Tost 7) Specific uraMty at 77® F. 

(Teat Or) C’oii8i$tenc\ at 77* K 
(T<-«t \m) Ductility at 77* F 
(Tost 11) Teiiaile etronjrth at 77® F 
(Teat l.'ia) Fu9Jii»f-p‘'>f>t (K and S rnetlHx!) 

(I cat lOu) Volatile fnatter at 6(X)° F in I l.;a 


1 SO to 1 76 
10 to I.*! 

(Jreater than 1 0 
Greater than 10 0 
IH.’i 200* F. 

I eaa than 1.6% 


The principal considerations are that the comiiound should iHis.si'.s.-t a high fusing- 
point 8^) aa not to soften in warm weather or on coming in contact with hot water 
flowing through the pipe; it should lie sufficiently ductile to ]x;miit the pipe settling 
in sections without the joints breaking ofien; and it should have great adherence 
and tensile strength to enable the line to expand or contract without tearing away 
the compound from the pipe. 

The advantage in u.sing bitummouH compounds for sealing joints is !>ccause they 
will permit the pipe to settle, as it i.s very apt to do in a freshly filled trench, without 
danger of the joints opening. In addition, they prevent the roots of trees or shrubs 
working their way into the joints, and congesting the inside of the pipe line. Other 
materials used for this purpose, such as cement mortar, sulphur, etc., possess these 
defects. 


Electrical Insulating Compounds. Bituminous compounds adapt 
themselves very well for electrical insulating purposes, on account of 
their high breakdow^n voltage, resistance to moisture, acids, alkalies and 
changes in temperature, also liecause they are in most cases capable 
of withstanding exposure to the weather. 

A review of the patent literature reveals thousands of patents in 
the electrical industry involving the use of bituminous materials and for 
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hundreds of different purposes. The scope of this book will permit a 
brief survey of but the most important principles involved. 

Semi-solid to solid bituminous compounds capable of melting under 
the action of heat are combined in many ways, often with the addition 
of other substances, including resins; rubber; animal and vegetable oils 
and fats; animal, vegetable and mineral waxes; mineral fillers; sulphur, 
etc. The electrical resistance of bituminous compounds varies from 200 
to 1200 volts per mil, ascertained by subjecting a specimen at 77° 
F. between two spherical terminals, 2 cms. in diameter, to an alternat- 
ing current of 60 cycles, the voltage being increased at the uniform speed 
of 600 volts per minute, until a break-down occurs. 

1'lip following figures show the volume resistivity of solid bituminous and other 
dielectrics, expressed in ohm-centimeters, in the order of decreasing values: i 


Spet'ial paraffine . . . 

Over .')()0XU)>« 

Ceresin 

Over 500 Xl()'« 

Hard rubber 

1(H) XIO'" 

Asphalt (medium hard) 

.'iOXlO"' 

Sulphur 

lonxioii 

Rosin 

.'■>() XlO'o 

(’hlorinatcd wax (" halowax ”) 

20X10i'> 

Shcliao 

IOXIO'6 

(ilass 

8X10“ 

Yellow wax, . 

2X10“ 

Mica (brown African clear) 

2X10i> 

Unulared porcelain 

. . 3X10“ 

Tctrochlornaphthalene 

50X10“ 

Mica (India ruby stained) 

. .. . .50X10“ 

Paraffined mahoitany 

. . 40X10“ 

Italian marble 

lOOXlO* 

White celluloid 

20X10» 

Slate 

100X10* 


Insulation for Cotton-covered Transmission Wires. The cotton cov- 
ering is either saturated with a bituminous mixture, or both saturated 
and coated therewith. The saturation is similar to that used for im- 
pregnating prepared roofings (p. 391). Asphaltic products of a harder 
consistency, corresponding to the weather-coatings of prepared roofings, 
are employed for coating cotton-covered wires exposed out-of-doors, such 
as electric light wires. Wax-like properties are often imparted to the 
coating by incorporating a small percentage of animal, mineral or vege- 
table wax. Rubber is scarcely ever used as an ingredient of out-of-<loor 
mixtures because of its inferior weather-resisting properties, but it may 
be used to good advantage for covering cotton-covered wires indoors, 
in which event the bituminous matter should properly be regarded as an 
adulterant of the rubber. If the bituminous matter is not present to 

• Scientifio Paper No. 234 of the Bureau of .Standards, Wash., D, C., 1915, " ^nsulative Proper* 
tia# of Solid Dielectrirs," by II. I.. Curtia 
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excess, the mixture will larj^ely retain the physical properties of rubber, 
and may be vulcanized by incorporating a small percentage of sulphur. 

Bare copper wires may be insulated with certain varieties of fatty-acid pitch, 
which are transformed into an insoluble and infusible coating by heating to a high 
temperature (p. 332). 

Vacuum Impraj noting Compounds. The.se are used for insulating 
the field and armature windings of motors and dynamos, also magnet 
and transformer coils. The copper wir(‘ loops are wound with muslin, 
or in some cases with asbestos, and then impregnated with a melted 
bituminous or oleo-resinous composition. The former only falls within 
the scope of this treatise, and includ<‘s asphaltic products conifKised sub- 
stantially of the same materials, and having approximately the same 
physical properties as the surface coatings of prepared roofings (p. 392). 
The following characteristics arc of importance: 

(1) The mixture should melt to a liquid having th<‘ lowest iiow^iblc visiDsity 
(Test 8u) at the tem|.x‘rature at which it is maintained while impregnating the eoila. 
Since the purpose of the eornpound i.x to penetrate the inuKliii wrapping of the wire, 
It follows that the more liquid the melted eonqiound, the more thoroughly it Mill 
fulfil this funetion. 

(2) The softer the compound for the lut'scrilx'd fuKmg-|M)int, the lesa it is apt to 
crack in service, especially as the nwolving armature of a motor or dynamo m sub- 
jected to the most extreme conditions m regard to vibration. Should the roiiqxaind 
crack or powder, its insulative value will lx* nullified, and the machine will become 
short-circuited and put out of commission The mixture should preferably have a 
penetration of 75 to 125 at 77® F. (Test %). It.s susceptibility factor should aki 
lx* as low as possible, and under no cireumstanees in excess of 25 (Test 0f>). 

(3) The ductility at 77® F. should lx* as high as possible, and preferably griMiter 
than 5 (Test 10). 

(4) The fusing-point by the K. and S methixl (Test Ifx/) should exceed IHt)" !•'. 
This will iiKSurc the compound remaining in place when the machine heats up in 
service, 

(5) The volatile, matter should not exw‘d 2 per cent at 500® F. in four hours 
(Test I6rt). 

(6) The solubility in carbon disulphide (Test 21a) should exceed 00 ix*r cent. 
Mineral or carbonaceous matters will interfere with the jxmet rating proixirtics of the 
coiiqxiund. 

Residual oil is ordinarily used to flux the compound to its original consistency, 
if the hardness or fusmg-point increases while maintained in the liquid condition. 

The apiiaratus consists of two steam-heatcHl, air-tight iron tanks, one for curry- 
ing the coils to be treated, and the other for storing the melted comp^mnd, os 
illustrated in Fig. 149. Tlie coils are placed in the impregnating chamber, the heat 
turned on and the air exhausted !iy the pump within \~2 in. of the barometer, 
which draws out all the moisture. In the meantime the compound is melU*d in 
the steam-heated liquor tank at 3(X)® F., whereupon it is allowed to enter the vacuum 
chamber and subjected to a pressure of 90 lb. per square inch which forces it 
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throughout all partd of the coil. It is maintained under compression for one or 
more hours, when the valve Ixjtween the tanks is opened, the compound forced back 
into the liquor tank, and the excess allowed to drain from the coils ujxm being 
subjected to a dry heat for half an hour, which also completes the saturation. It 
is claimed that coils treated by this process give better service than those insulated 
by varnish (see p. 478), and moreover, since they become practically solid, there is 
no danj^r of the wires slipping. The total cost of treatment is less than when 
varnishes are used, but to offset this, the equipment is more expensive. The units 
are made with impregnating and comiwund storage tanks measuring 108 in. diam- 
eter by 240 in. high os a maximum. 

Transformer and magnet coils may be treate<l in the same manner, and tests 
made in the author’s laboratory demonstrate that tightly wound coils s<‘veral inches 



Courtesy of J. P. Do\ine Co. 
Fi(!. 149. — Vacuum Impregnating Apparatus. 


thick, composed of high gauge wire may lie thoroughly impregnated. Bituminous 
compounds should only be used for air-cooled transformer coils, as they will liecoine 
softened and dissolved in oil-immersion transformers. I'he method is now lieing 
used almast universally in large plants. 

Wooden pipes for conveying liquids, w’oixlen storage battery Inixes, cotton lielt- 
ing, etc., may be impregnated with bituminous conijmsitions in an apparatus of 
this type. 

Junction-box and Pot-head Compounds. These are used for filling 
the metal receptacles in underground electrical tran.sinis.sion lines, where 
feeders branch off from the main wires. The connections are usually 
made inside of a metal box known as a “ junction box ” or “ pot-head.” 
Asphaltic compounds fusing in the neighborhood of 200® F. (K. and S. 
method, Test 15o) are melted and poured into the receptacle to her- 
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metically seal the wires after the junction or connection has been 
effected. 

Battery-box Compounds. Thc.sc arc used for scaling “ dry ” batter- 
ies. After the zinc container is filled with chemicals in paste form, and 
the rod of carlx)n intr(Hluced, the top is hermetically sealed with the 
“ battery-box com|Kmnd.” This consists of moderately hard coal-tar 
pitch (fusing at 100 to 170® F. by the cube method, Test 15c) combined 
with alx)ut an equal weight of siliceous filler. 

“Carbons" for Batteries, Electric Liijlds and Armature Brushes. 
“Carbons ” for the electrical indu.stry are formed by heating a mixture 
of powdered coke and hard coal-tar pitch (fusing above 200® F. by the 
cube method, Test l.V), in a closed metal mould. Upon subjecting this 
mixture to a red heat, the coal-tar pitch carbonizes, and consolidates 
the particles of coke-carl)on. Armature carlwns an* often mixed with a 
proportion of graphite to reduce their friction against the raj)idly nwolv- 
ing armature; and (‘lectric light carbons with a proportion of mineral 
constituents (usually less than 20 |X'r cent) including tiu* rare earth 
oxides, silicates, fluorides, Iwrates, etc., to increase the luminosity or 
modify the color of the electric arc. 

Bituminous Rubber Substitutes. On account of the high price of 
pure rubl)er, it is often adulterated with fu.'^ible materials derived from 
the animal, vegetable or mineral kingdoms. J{(*sins, animal or vege- 
table oils and fats, animal and vegetable wax(‘s have l)een us(h1 largely 
for this purpose. Bituminous conqwunds have also found a ready use, 
including the following groups: 

(1) Ozokerite and paraffine wax. 

(2) Hard native asphalts. 

(3) Asphaltites cither used alone or fluxed. 

(4) Blown petroleum asphalt. 

(5) Wurtzilite asphalt. 

(6) Rosin pitch. 

(7) Fatty-acid pitches. 

(8) Special products including chlorinated naphthalene, etc. 

The bituminous materials are regarded mainly aa “ extenderc," dilu- 
ents or cheapeners, although in .soim; cases they are puriK)sely used to 
soften the rublx’r, and in others to increase its weather-resisting proper- 
ties. These substitutes, known as “ mineral rubl)er ” or “ factis are 
incorporated with the raw rubber on the masticating rollers (consisting 
of heavy steel rollers revolving at unequal speeds, capable of feeing 
heated by steam or cooled with water). One method consists in first 
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combining the substitute with reclaimed rubber and mineral fillers on 
the rolls. The raw rubl)er is then masticated a short time, whereupon 
the bituminous mixture, still warm from the masticating process, is 
gradually worked in, small quantities at a time, and the composition 
finally vulcanized in the usual manner. 

The most satisfactory bituminous materials for this purpose include; 

(1) Products which of themselves possess “ rubl)er-like properties (including a 
certain degree of toughness, resilience, tenacity and ductility), as for example 
gilsomte eombinations. wurtzilitc a.sphalt, blown petroleum asphalts, and oertam 
of the fatly-acid pitches. 

(2) riiMimmouH »ul, stances which arc capable of being hardened and (oughened 
by the sulphur used in the vulcanization proeeas. To this elaas belong the gilsonilc 
combinations, wurtzilite asphalt and fatty-acid intehes. 

ex,)crinient by Hcinzerling and 
Pah the use of certain bduminous materials actually twproees the elasticity and 
msulative pro^rtie-s of the rubber when added in small percentages, although at 
best they tend to decrease the tensile strength. 

The harder waxes and bituminous materials are used in mixtures of hani rubber 
tio™“^ *"<' I'ituminous materinls in soft niblxir eomposi- 

before Y''?""""'' Vulcanized with sulfur 

fulr’tr^L.rnb"' 

Mouldmg Compositions. Mixlnres for Small MovlM Artuks. For- 
merly shellac was extensively employed for manufacturing small moulded 
artteles used for electrical fittings, push-buttons, knobs, handles, etc 
but this IS being substituted by asphalts and asphaltites owing to its 
scarcity and correspondingly high price. 

Such miJitures are composed of three classes of materials, viz.: 

In asphalts, asphaltites, or wurtzilite asphalt. 

u.rA \ resinous substances, including rosin (u.sed alone or 

wrdened by heating with hme, oxide of zinc, litharge, etc.), shellac (sometimes added 

1) ";il'rrh"r’' 

Oi) hiliera ^^hlch may Imj comiiosed of finely divided mineral matter such as 
. iplKite or terra alba, barium sulphate or blanc fixe, etc.; fibrous mineral matter 

singly orTn 

ii-SSirrSi'" 

They ehould l« sufficiently hard b, wi.Mand deformation under presTre* rd 
• AnntU of tho Soriety for the Advancenu^nt of Industrial Science, Berlin, 1891-2. 
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fuse sufficiently high not to softea in the sun or any heat to which they may 1)0 
subjected in use. 

The asphalts and asphaltites used should aorordingly have a fusing-point not 
lower than 190® F., a p(*iietmtion at 77° K. (Test 9() of not exceeding 5, and a tensile 
strength of 77® F. of not less than 10 (Test 11). The function of the resinous matter 
is to enable the bituminous constituents to melt up freely, and im|)art gloss to the 
finished product. I'he powdered mineral matter hardens and toughens -thC mriss, 
increasing its tensile strength and making it less suKcptible to deformation under 
pressure. The fibrous mutter binds the mass tcgethcr and enables it to stand 
sharp blows without fracturing. 

The constituents are eon bined by melting together the bituminous and n'sinous 
bodies, and then stirring in the powdered n ineral mutter with or without the 
fibres. When the ii ixture is uniform and while still warm and plastie, it is moulded 
in a suitable die and maintained under pressure while ccMiling. Most comiwsitions 
of this character are naturally dark in color, due to the bituminous matter presimt 
and they are often darkened still further by adding a small proportion of black 
pigment, such as lamp-black or carbon-black. In other cases, the moss may lie 
colored deep shades of ix‘d, brown or green by ineoriiorating an intense pigment of 
the corresponding color. Light colored mixtures, however, arc not obtainable. 

Pre^formed JoinU and Wonlim. A bituminous product has recently met with 
considerable success m glazing and sky-light construction,' consisting of an asphaltic 
cushion enveloped in sheets of asliostos, 
in which the panes of glaxs am mounted 
and securely bolted together, as shown in 
Fig. 150. 

A represents a steel T-lieam, protected 
with galvanizing or other rust -proofing. 

The condensation-gutter is composed of 
sheet steel joined to a w'aterproof aslM*stos 
envelope by an asphaltic compo.sifion (p. 

409). The asphaltic cushion and cap-filler 
E are encased in waterproofed asliestos, and 
forced together in between the two shei'ts 
of glass, forming a pliable, resilient, water- 
tight but finn joint, which prevents the 
glass from lioing subjoeted to injurious 
strains. The upper cushion is reinforced 
with a cap of asbestos-protected steel, and fastened with the bolt and nut. 

The cushions R and E are composed of a fluxed asphaltite or a blown petroleum 
asphalt of high fusing-point (in the neighliorbood of 250® F.), low susceptibility 
factor (under 20) and alisence of brittleness (hardness at 77® F. less than 20 - 
Test 9c), mixed with 10-16 per cent of fibrous asbestos, which binds it together in 
a tough and non-breakable mass. These strips are further protected by l)eing joined 
to an enveloping sheet of asbestos felt, waterproofed with a vegetable drying oil 
or bituminous saturant, similar to that used in manufacturing prepared roofing 
(p. 391). 

BiiuminaUd Cork Mixture*. In Europe, sheets have been prepared for insulat- 

*U. S. P«ta. 1,227,801 of M»y 29, 1917 and 1,243,020 of Oct. 16, 1917 to W. P. Waugh. 



Courtcaj of Asbeetot Prot€<'ti*vl .Mi'lttl <’<• 

Fifl. 150.— -Preformeil Washers for Sky- 
lights. 
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ing reirigerator plants, ice-chests, cold brine and ammonia pipes, ^ composed of 45 to 
SO parts by weight of finely powdered cork and 100 parts of bituminous binder. 

The composition is prepared in a steam^heated mixing machine similar to that 

described on p. 351. The binder may consist of asphalt, coaLtar pitch or an ague- 
oua emulsion of soft coabtar pitch with collodial clay. The mixture is pressed into 
various forma, such as plates, slabs or bemi-cylindrical sections suitable for covering 
pipes. .It has a specific gravity between 0.25 and 0.40 and forms a good insulator 
against heat and cold. 

Bituminuted c'ork coii'iKwitions are also used extensively in the United States 
under the name of “ shoe fillers ” for filling the insoles of shoes, and composed of a 
mixture of coarsely ground cork, with wax tailings, residual asphalts, or an emulsion 
of asphalt with glutinous substances.* 

The mixture is trowelled Ijctween the inner and outer soles of shoes while hot 
and plastic, and allowed to set by cooling. It serves to insulate the bottom of the 
foot, and incidentally to replace the more exjjensive leather. 

BUumiruikd Leather Mixtures. Shredded leather waste and asphalt have also 
been combined in various ways ® and proposed for various purposes, as for example 
covering floors, but these have only found a limited use owing to the high price of 
leather. 

Briquette Binders. Coal-tar pitch is moat generally list'd for briquetting coal- 
dust or coke-breeze. The coal or coke powder is mixed with approximately 6-8 per 
cent of coal-tar pitch. Two methods are in vogue, one in which the powder is 
mixed with a moderately soft pitch, added in the melted state, and the other, in 
which it is mixed cold with pulverized hard pitch. In either case, the briquettes 
are formed at high compression under the influence of heat.'* The soft coal-tar 
pitclies have a fusing-^xiint between 140 and 170'" F. (cube method) and the 
hard pitches between 200 and 225° F. (cube method).^ 

Core ComiMunds. Coal-tar pitch is used similarly as a binder for the sand cores 
in forming iron and steel castings. A powdered hard pitch, fusing at 225-260° F. 
(culie method) is mixed with the sand and then compressed under the influence 
of heat, to form the cores. 

Miscellaneous Bituminous Products. Bituminous Fuels. The non-asphaltic 
pyrobitumens constitute the principal source of solid fuels for combustion on a 
grate. Liquid bituminous fuels are also useil as “fuel oil,'’ including iTudo petro- 
leums, petroleum residues, by-product tars, and distillates of little commercial value 
produced in refining petroleum and tar. These are atomizeil under the Ixiiler with 
a steam jet. The tar distillates have a'so lieen successfully used in engines of the 
Diesel type in this country and abroad. A detailed description of the technology 
of fuels does not, however, fall within the scope of this treatise. 

• U. 8. P«t 979, .310 of D«c 20, 1910 to W. C Kammerer, German Pata. 68,532 of 1891; 
122,803 of Sept. 29, 1900, 128,231 of 1902; Kohler A Graefe, Loc nt , p. 368. 

< U. 8 Pata. .191,265 of Aug. 25, 1891 to 8 H Howland; 808,224 and 808,227 of Dec. 26, 1005 
to W. B. Arnold; 832,002 of Sept. 25, 1906; 855,868 of June 4, 1907; 861,555 of July 30, 1907, 
945,294 of Jan. 4, 1910; 1.032,312 of July 9. 1912, 1.036,031 of Aug 27, 1912; 1,115,988 of Nov. 

3, 1914; 1,118,161 of Nov 24. 1914; 1,121.054 of Dec. 15, 1914; 1 121,688 of Dec. 22, 1914, 
1,121,689 of Dee. 22, 1914; 1,134,931 of Apr. 6, 1915; 1.137,679 of Apr. 27. 1915 and 1,227,502 
of May 22, 1917, all to Andrew Thoma; 1,2.58,272 of Mar 5, 1918 to H. 8. Tirrell. 

♦Ger. Pata 293,871 of Sept. 1. 1914 and 294,050 of Feb 13, 1016, both to W. Reiner. 

4 Rudolf Terhaerat, J. Qaabel, M, 300, 1915. 

»"Bindara for Coal Briquettea.” by J. E. MUIa, Bull. 24, Bureau of Mines, Waah,. D. C . 1911, 
alao "Fuel-Briquetting Inveatigationa, July. 1904 to July. 1912," by C. L. Wright, Bull. 58, Bureau 
of Minei, Washington, D. C., 1919. 
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Tars and Oils for the Flotation of Ores. During the la«t few 
years, the flotation process has become an important factor in the 
concentration of certain minerals, including sulphides of coppt'r, lead, 
anc, silver, iron and other metals, also pure gold, gold telluride, native 
silver and native copper. The best results are obtained with sulphide 
ores. Oxide ores are not amenable to it unless they are first converted 
into the sulphide superficially, by a preliminary treatment with sodium 
sulphide. 

In carrying out the process, the oit* is rediK'cd to a fine powder, 
SO-raesh material being usually the limit of coarstuicss. This is then 
beaten into a froth or foam with water and a so-called “ flotation oil,” 
which causes the heavier ore-niincral to rise to the surface, forming a 
pulp with the froth, and the lighter gangue-mineral to settle out. The 
flotation process has accordingly been aptly termed “ concentration 
upside down.” The “ pulp ” when it b(‘comcs thoroughly charged with 
ore is drawn off, and allowed to subside (juietly, whereupon the ” con- 
centrate ” will settle out and the ” flotation oil ” decanted from the 
surface and used over again. The gangue upon being freed from the 
ore, is run to the dump, and the concentrate is smelted in the usual manner. 

The flotation oils may Ix' cl.'issified as ” frotliers ” and “ collectors,” 
the fomier lK*ing largely responsible for the formation of the froth, and 
the latter for holding the particles of ore in .susj)ension. The “ frothers” 
or ” frothing oils ” include commercial pine-<al (obtained from a destruc- 
tive distillation of coniferous wood.s, j). ItMl), crude hardwood tar or 
” pyroligneous acid ” or ” wood oil ” obtained in the destructive dis- 
tillation of maple, birch, Ix'cch, etc. fp. IHo), turis'iitiius various “ (‘ssen- 
tial oils ” (p. 37), coal-tar creosote, j-arbolic or ” middle oil,” (p. 248), 
etc. The ” collectors ” or ” collecting oils ” include* crude* |x*trol(*um, 
liquid residual oil (p. 283), heavy mineral oil distillat(‘K fp. 2(18), 
coke-oven tar (p. 2:i:i), water-gas tar (p. 2.')()), etc. The* frothing and 
collecting oils arc mixed together in proixjrtions deix*nding U|X)n the 
character, composition and nature of the* ore to lx* treat<‘d. For a very 
” slimy ” ore consisting of fine particles, a larger amount of (‘ollecting 
oil will be required, whereas for granular ores a high(*r proportion of 
frothing oil will lx; needed. A flotation oil extensively used consists 
of 95 per cent crude coal tar and 5 p(*r cent of pine oil. Another mixture 
which is claimed to give good resultx contains: pine oil 10 per cent, coal- 
tar creosote 80 per cent, and coal tar 10 ixjr cent. Others have suggested 
the u.se of: hardwood creosote 40 p(*r gent, coal-tar cresote 50 per cent, 
and coal tar 10 per cent.’ The quantity of flotation oil varies from a 

• U. K (lilroort* and C S. Parson*, J. .Sor. Ind , IT, 07 A, 1018. 
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fraciion of a per cent to per cent by weight of the mineral treated. 

The time U. S. patent on the dotation process calls for less than 1 per 
cent by weight of oil. The addition of such chemicals as caustic soda, 
and in some cases sulphuric acid or other agents, seems to increase' the 
efficiency of the fiotation oil and to decrease the time of treatment. 

The frotiuT systems may be classified into the mechanical, pneu- 
matic and vacuum. In th(‘ mechanical process air is })eaten into the 
mass; in the pneumatic nu'thod bubbles of compressed air or other 
gas ar(‘ blown into the mixture; in the vacuum system the water is 
first charged with gas at atmospheric pressure and Inibbles released by 
subjecting the mixture to reduced pressure. Mechanical froths are 
more permanent than those produced by pneumatic means, but the 
former effect a cleaner separation of coarse mineral particles, whereas 
the latter are better adapted for slimes. Increasing the (luantity of air- 
bubbles in the pulp, peu’mits u.sing less “ flotation oil,” also a more 
viscous oil, derived for example from gas-woiks coal tar. 

In general, the following considerations .should be carefully observed;’ 

(1) The f)ulp should be made u.s thick ns j)ossible. 

(2) The proportion of frothing oil to collecting oil should be carefully worked 
out. The more dilute the pulp or (he finer the mineral particles the larger the 
proportion of frothing oil will be required 

(d) 'I’hc greater the aeration, the smaller the proportion of oil necessary. 


irood Preservalireft. The method of pre.sorving wood for structural 
and other purposes is similar to that already described for impregnating 
wooden paving blo(‘ks. ('oal-tar creosote is most largt'ly used, but zinc 
chloride is often employed, especially when the wootl is to be subjected 
to moderately dry conditions. The method of impregnation is similar 
to that involving the use of (Teosote. 


In 1015, the total output in the United States from 102 plants included the 
following: 


CroM-tict for railroads 

I’lIfS 

PoIpb 

PavinK blocks 

Construction timber . 

Cross-arms 

Miscellaneous lumber 


pieces 

9,.S()8,4 111 linear ft. 

12.').939 pieces 
2,9.3(5,370 m yds 
142,009,041 board ft. 
146,219 pieces 
13,937..'>09 board ft. 


Total equivalent to. 


141.858,963 cu ft. 


‘"Bibliography of Recent Literature of Flotation of Ores," Bulletin 1.3.5, Bureau of Mines, 
Washington, D. C, 1917; “Answers to Questions on the Flotation of Ores,” by 0. C Ralston, 
Tech. Paper 149, Bureau of Mines, Washington, D. C , 1917 
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The total preservatives consumcti for the foregoing includciJ: 

Creoeotf ... 80,K.'»9.442 ital. 

Zmr rhiorule . ... llw 

Mierollaiicous . . 1,(!93,M'I k^I. 

The following pounds of ereowjte are ordinarily used |)cr cubic foot of wo(kI: 

Pi Ira 

Salt watfi ..... l(i m ll'a 

Fresh water . . . 12 Ih " 

(!ri>umt .... ,. 8 12 " 

Hailwn\ ties . S 12 " 

Mistellaneous tiiiil>er 8 Ih “ 

When zine chloride is u.serl, ] ] lb jht etibn- foot i.s injected into the wood. 
There is a difTerenee of opinion regarding the relative ^•fhelencles of cnMwite and 
zinc chloride, but the former i.** less e\|H‘nsivc, and also enables thi' wotnl to lie 
used when .subjirfi'd to moist ui"*' 

Waterproofing Compounds for Portiand-cement Mortar and Con- 
crete. Th(‘ iiK'thod of ineoiporatin;; various substanees with INirtlaiid- 
ccinent niorlar or conerott* in the course of their preparation is known 
as th(‘ “ intt'grnl ” system, accortling to which the waterproofing 
medium is mixed throuijhoid th(* Port land-cement mortar or hiass con- 
crete. Tliis term does not includt* tlit* ajiplication of paints or other 
coatings to the Hurfdve of mortar or concrete after it lias std. 

Innumi'rahle materials have been (‘Xploittal for the integral water- 
proofing of Portlaiid-cenK'iit mortar and concr<‘t(‘ including:' 

(1) Inert fillers such as finely divideil clay, infusorial earth, fuller’s 
earth, silica, talc, etc. 

(2) Active mineral filh'rs .Mich as hydrated lime, aluminium hydro.x- 
ide and other inorganic hydroxides, which undergo a chemical change 
(luring the .setting of the cement. 

(.'!) Water-.soluble mineral salts, such as calcium chloride, sodium 
silicate, smlium fluorosilicate. 

(4) Soap conifiounds including, fa) soluble; soaps composed of sodium, 
potassium and ammonium combinations of animal or vegetable oils and 
fats, also resins; (6) insoluble soaps composed of calcium, magm'sium, 
aluminium, iron, zinc, lead and other metals comliined with animal (jr 
vegetable fat.s and oils, or resins. 

(5) Bituminous materials. We are concerned with this last group 
only, as falling within the scope of this treatise. The bituminous mat(‘- 

• “Testa of Damp-proofing and Waterproofing Compoundi sod Matenala,” by R J Wig and 
P. H. Bafea, Technologir Paper So 3, Bureau of'SUndarda, Wash , D. C , Aug 22, 1911, “Klerlro. 
lytic Corroaion of Iron in Soila,’’ by Burton MrCiilluni and K H Logan, Technologic Paper 
No. 25. Bureau of Standarda. Waah . D C, June 12, 1913: "Modern Methodi of Waterproofing,’' 
bv M. H Lewie, Loc ett , " Durability of Htiicro and Plaefer Conatnictioii,’’ by R. J. Wig and 
i. C. Pearaoo, Technologic Paper No. 70, Bureau of Standard#, Wa#b., D. C., Jaa. 31. 1917. 
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rials may be divided into two classes, namely, those used in the pure 
state, and those used in an emulsified form. 

Pure Bituminous Materials. Two classes of bituminous substances 
are included in this group, namely, liquid to semi-liquid coal-tar pitch 
(i.e., evaporated coal tar ‘) and liquid asphalt. The latter may consist 
of native asphalt,^ residual oil,-^ semi-liquid sludge asphalt,** etc. These 
are mixed with the aggregate after first wetting down the cement and 
sand in preparing Portland-cement mortar; or the cement, sand, gravel 
or broken stone in preparing concrete. Between 10 and 25 per cent 
of soft coal-tar pitch or asphalt art* added, based on the weight of the 
dry cement used. As the pure bituminous compounds are naturally 
watcr-repell;*nt, it requires considerable mixing to distribute them 
uniformly throughout the mortar or concrete, and csi^cially in large- 
sized batches. In this connection, the author wishes to lay particular 
emphasis on the fact that laboratory tests should under no circumstances 
be taken as a criterion of the ease or thoroughneas with which bituminous 
substances may be disseminated throughout the mixture. At low temper- 
atures, both soft coal-tar pitch and liquid asphalt become almost solid, 
and under those circumstances it becomes doubly difficult to incorporate 
them. It has also been clearly shown that the introduction of residual 
oil alone materially decreases the tensile and compressive strength of 
mortar and concrete.'* Assuming, however, that with sufficient effort 
the mixture can be made uniform, there is no question that the 
resultant mortar or concrete is improved materially in its water- 
repellent properties.*'* 

Bituminom Materials in Emtdsijied Form. Bituminous emulsions 
tend to overcome the foregoing disadvantages, as they are readily 
miscible with the water used for gauging the sand, cement and crushed 
stone. Instead of depending upon mechanical means for incorporating 
the pure bituminous materials with the aggregate, such as the grinding 
action to which it may be subjected during the process of mixing, 
bituminous emulsions are first brought into suspension by stirring them 

•"T»r and Cemant Pavament,’* by R Grimahaw, Mun Eng, 4S, 11, 1912. 

• Eng. Pat, No. 30,091 of Dec. 28, 1910, to J. Krumpalman, who treats an asphaltic shale com- 
poaad of liquid asphalt carrying calcium carbonate and clay with hydrochloric acid to separate tba 
former, and then dnes the resulting powder. 

• Swiaa Pat 44,284 of Dec. 28, 1907, also Auatrian Pat. 33,262 of June 10, 1908, both to Dr. 
Gottfried Schruf; U, 8. Pal. 1,000.545 of Aug. 15, 1911 to L. W. Page. 

• U. 8. Pat. 1,077,689 of Nov. 4, 1913 to Carleton Ellis, who describee the use of sludge asphalt 
neutralised with lime and mixed with fuller's earth or the like. 

* " Some Eiperimenta with Mortars and Concrete with Asphaltic Oils,” by Arthur Taylor and 
Thomas Sanborn, Proc. Am. Soe. Ctnl Eng., 99, 355, 1913. 

• 'Oil-Mixed Portland Cement Concrete." by L. W. Page. Bull No. 46, OiBce of PubHc Roads, 
Wash.. D. C.. Aug. 8, 1912; Bull. No. 230, Office of PubUc Roada, U. S. Dept, of Agr., Wash, 
D. C., July 14, 1915. 
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into the gauging water, which then mixes readily with the aggregate, 
requiring little to no effort, even at low temperatures. 

The efficiency of the bituminous emulsion depends largely upon two 
factors, viz.: (1) the proportion of bituminous matter carried by the 
emulsion, and (2) whether or not its addition will interfere with the 
tensile or compressive strength of the cement mixture when set* 

Three classes of emulsifying agents are in use, including plastic clay, a mixture 
of sodium silicate with barium peroxide, and inorganic hydroxides. These will be 
considered separately. 

(Ij Plastic clay is used either for emulsifying coal tar or soft coal-tar pitch,’ 
also non-volatile liquid to semi-liquid asphalt, which may either be native or 
derived from petroleum.* Clay is first made into a paste with water, and then 
mixed with the asphalt either in the cold or heated state. Forty parts of dry clay 
will combine with 10 parts of the asphalt, requiring approximately .'M) parts of water 
to convert it into an emulsified state. The finished mixture will accordingly carry 
but 10 per cent by weight of the active waterproofing constituent, namely the 
asphalt, the clay merely acting as an inert filler. 

(2) Emulsions prepared from a cut-back coal-tar pitch of soft consistency com- 
bined with sodium carbonate, sodium silicate and barium peroxide.* These are 


formed in the following manner: 

Coal tar pitch 16.16% 

Cut-back with heavy coal-tar oils 48 50% 

Mixed with calcined sodium carlionate 1 05% 

Water added 4 05% 

Sodium silicate (30* BsumO. . . 27 50% 

Finally add to the mixture: barium peroxide 1 85% 


Total 100 00% 


This mixture contains a large per cent of the active waterproofing constituent, 
but from the author’s experience sodium silicate has a decided tendency to delay 
the setting and reduce the strength of Port land-cement mixtures. 

(3) Emulsions prepared by means of inorganic hydroxides capable of forming a 
plastic mixture with water, ^ a.s for example calcium, iron and aluminium hydroxides 
have given very successful results. Residual oils of definite characteristics, soft 
coal-tar pitches or evaporated coal tar may be used, and ground up into a pasts 
with a " fat " lime slaked with water. The finished paste is composed of: 

Aobydroua cslcium oiid« 21 6% 

Bitumiooua ouitltr 38 8% 

W»Ur ... 40 0% 

Total • 100 0% 

*Ger. Pat. 68,832 of July 1, 1891 to GrQnivaig and HartiraDo; F. Raacbig, Ckm. Rtf. fib- 
Hart‘Ind.. IT, 169. 1910. 

*Qer. Pat. 211.877 of Sept. 5, 1906, also Eo(. Pat. No. 15,100 of July 16, 1908. both to JuUua 
Kathe. 

> U. S. Pat. 903 287 of Nov. 10, 1908 to H V D. Haido. Ger. Pat. 103,783 of May 6. 18M; 
alao German application 27,653, 80-b, of Apr 29, 1907 to Hans Wunnor. 

i V. 8. Pat. 1,134,573 of Apr 6, 1915 to Herbert Abraham and H. W. Haince 
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The emulflion coDtains a large proportion of tite active bituminous constituent, 
mixes readily with the gauging water, and may be used in extraordinarily large 
proportions (20-30 per cent of the weight of cement used) without interfering with 
the set and at the same time increasing the tensile and compressive strengths of 
Portland-cement mixtures at least 5-15 per cent. This composition has been 
marketed extensively and gives excellent results in practice. The manufacturers 
recommend 2-12 lbs. of the paste per bag of Portland cement for preparing stucco 
and walerproof-mortar facings, and 1-2 lbs. for Portland-cement concrete. This 
represents the only bituminous waterproofing preparation known to the author 
which can be used under all conditions, insuring a uniform distribution throughout 
the Portland-cement mixture regardless of the temperature or the means used for 
preparing the mixture. At the same time it may be added in sufficient quantities 
to secure absolute waterproof properties without detracting fiom the strength of 
the structure. 


Method of Use. The integral method differs from the membrane 
method in that it may be used for waterproofing buildings in the course 
of erection, as well as for repairing the inner surfaces of leaky masonry 
already constructed. The membrane method on the other hand can 
only be used on structures in the course of erection, since it must 
necessarily be applied on the outer surfaces of foundation walls, to be 
subsequently covered by the earth fill. Similarly, the integral water- 
proofing may be readily repaired should by any chance leakage occur 
later due to settlement or other external causes, whereas it is extremely 
difficult, and in many cases impossible to repair membrane water- 
proofing, owing to its inaccessibility. 

Integral waterproofing compounds are best adapted for use in a 
relatively thin layer or “facing” of Portland cement mortar, and are 
much more reliable when used in this manner than when incorporated 
throughout the body of Portland cement concrete, for the reason that 
it is a comparatively simple matter to apply a layer or facing without 
danger of leakage at the joinings, which is not the case with mass con- 
crete construction. 

In applying cement-mortar facings waterproofed with integral c<)mf)ound.s, it is 
important to secure a firm bond with the underlying masonry. The old surface 
should accordingly be firm, rough, clean and wet. If the old surface is too smooth, 
it should lie roughened by chipping; it may Ihj cleaned by scrubbing with stiff 
brushes, supplemented, if ucees.sary, by washing with muriatic acid; and it should 
Ik) thoroughly wet down with a hose until it has taken up as much water as possible. 
The waterproof facing should be trowelled on with pressure in two or more coats. 
If possible, these coats should be made continuous and applied without interruption 
to avoid joints. If this is not feasible, the day’s work should lie finished with a 
bevelled edge which should be roughened or chipped to .secure a liond or “ key ” 
where the connection is made on the following day. The first coat should be 
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“scratched" before liurdeiiing, and the st'cond coat applied just after the* first 
one reaches its final set. The last coat should Ik? trowcllwi hard and Hoalcd. 

Stucco should Iw 2 } in. thick, trowelled in two coats. W’atcrproof-inortar 
facings used on waterproofing l)elow grade, tanks and swiinniing p<K>ls should 1)6 
applied to the walls in a layer j in. thick, in two coats, and to the floors in a 
layer 1 in. thick in one coat. A 1:3 mortar should be used on all exfHised work 
and a 1:2 mortar on all work protected from the direct action of the weather. 
The facing should l)e sprinkled with water until it has set hard, dreat care should 
be taken to prevent it frtim drying out prematurely Interior angles where two 
walls or wher® the walls and floor meet, should Iw finished with a rounded surface. 
By proper manipulation, waterproof facings may be applied to old leaky masonry 
surfaces against existing water pressure, which cannot be effectively waterproofed 
by any other means at present known. 

Bituminous emulsions give l)etter re.‘5ults than any other integral waterproofing 
conifKninds. Saponifiable oils or fats and soajis (both soluble and insoluble) weaken 
the c<‘nient mortar or concrete, and are not nearly as fiermancnt on ox|)08ure to 
the weather, or capable of continuously resisting the action of moisture. 



CHAPTER XXVII 

BITUMINOUS PAINTS, CEMENTS, VARNISHES, ENAMELS AND 
JAPANS 

This chapter will embrace mixtures of bituminous materials with 
volatile solvents, ranging from pastes to liquids. Bituminous cements 
are manufactured in paste form, whereas bituminous paints, varnishes, 
enamels and japans are prepared in the liquid state, their respective 
consistencies being regulated by the amount of volatile solvent in- 
corporated. 


BITUMINOUS PAINTS 

Bituminous paints are composed of a bituminous base, a volatile 
solvent, with or without the addition of vegetable drying oils, resins, 
mineral fillers and pigments, and are intended to dry or set by the spon- 
taneous evaporation of the solvent. If any vegetable drying oil is 
present it will contribute little, if at all, to the drying of the paint, 
although it will undoubtedly exert a “ toughening ” effect on the coat- 
ing, which will become more pronounced in time. These paints are 
known generally as “solvent paints.” The distinguishing character- 
istic biH-ween a bituminous paint and a bituminous varnish is that the 
former will set to a firm coat upon the evaporation of the solvent, 
whereas the hardening of the latter is contributed largely by the oxida- 
tion of the vegetable drying oil, which is present in the base in substantial 
proportions. 

Nature of the Base Used. Bituminous paints may be divided into four groups, 
depending upon the composition of the solid ingredients present in the base, viz.; 

Group 1. Bases containing a bituminous substance, with or without a mineral 
filler. The bituminous substances may include: native asphalts, asphallites, 
asphaltic petroleums, residual oil, blown petroleum asphalt, residual asphalt, sludge 
asphalt, wurtzilite asphalt, wax tailings, mineral waxes, tars, wood-tar pitch, rosin 
pitch, peat- and lignite-tar pitches, water-gas-tar pitch, oil-gas-tar pitch, coal-tar 
pitch, fatty-acid pitch and bone-tar pitch. 

Group 2. Bases containing in addition to bituminous substances, a resin (rosin, 
rosin esters, damar or sandarac); with or without a mineral filler; with or without a 
colored pigment. 
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Group 3. Bases containing in addition to bituminous sutwtances, animal or 
vegetable oils or fats; with or without a mineral filler; aith or without a colored 
pigment. The animal or vegetable oils or fats may include: linseed oil, china-wood 
oil, soya-bean oil, fish oil, cotton-seed oil, com oil, perilla oil, lard oil, mutton fat, 
stearic acid, oleic acid, etc. The oils may be used either in the raw state or com- 
bined' with ** dryers ” (see p. 475), or they may be '* bodied " by beating to a hi^ 
temperature, until they thicken by polymerization. 

Group 4. Bases containing in addition to bituminous substances, resins in com- 
bination with ftnimAl or vegetable oils or fats; with or without a mineral filler; 
with or without a colored pigment. The “resins" may include: common rosin, 
rosin esters, the damars (including Borneo damar), sandarac. Kauri copal, Congo 
copal, pontianak copal and Manila copal. 

The following ingredients are rarely included, vis.: rubber, wool grease, rosin 
oil, insoluble metal soaps, etc. 

Among the resins: rosin, rosin esters, the damars and sandarac will readily com- 
bine with the bituminous constituents, either by dissolving all of them directly 
in the cold solvent, or by first fluxing them together with beat, and cutting them 
in the solvent afterwards. Fossil resins (copals) will not amalgamate directly with 
the bituminous constituents. IKey must be melted at a high temperature, and 
first combined with the animal or vegetable oil, whereupon the resulting oleo- 
resinous varnish will flux with the bituminous constituents, either in the cold, or 
upon melting them togethej,. A description of the process for manufacturing oleo- 
resinous vanishes does not fall within the scope of this treatise. 

Since the addition of “vegetable or animal oils or fats" improves the weatheN 
resistance of bituminous substances, they should accordingly be added wherever 
possible in the role of “flux." The harder the bituminous sulwtance in its raw 
state, and the higher its fusing-point, the larger can be the percentage of the 
animal or vegetable oils or fats incorporated. Rosin, the damars, sandarac or 
rubber, do not add to the weather-resistance of the bituminous materials, as 
these are of themselves deficient in this respect. They will either serve tn lighten 
the color of bituminous materials when combined with colored pigments, or in other 
cases to bring al)out a more perfect union of the constituents, but in either event 
they should be confined to indoor use. On the other hand, fossil resins are highly 
weather-resistant, being equivalent to the aaphaltites in this respect. They may 
accordingly be emlnxlied in bituminous paints intended for outdoor use. Paints 
containing fossil resins may be made to carry a large percentage of nnimtd or 
vegetable oils or fats, and will accordingly produce brighter colors with pigments, 
than when oils or fats are used alone. 

The foregoing products may be blended together so the base will be soft, medium 
or hard, with a proportionate range in fusing-point. A base which is naturally soft, 
may be hardened by adding a suitable quantity of mineral filler or pigment. Where 
the base is allowed to remain soft, the paint will be limited in usefulness, and 
adapted only to the painting of porous surfaces such as masonry or dried-out com- 
poeition roofings, which will give it an opportunity of soaking into the pores, and 
thus mask the soft properties of the coating. 

Nature of the Fillers and Pigments Used. All sorts of mineral fillers (p. 393)' 
have been suggested in connection with bituminous paints, for use either alone or in 
combination with colored pigments. Their function is to' harden the base or to 
cheapen the paint, 'fhe fillers should be powdered very finely (so they will paas g 
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200*me8h sieve), otherwise they will tend to settle out. The more finely they are 
powdered and the lower their specific gravity, the longer will they remain in su.s- 
pension. 

The colored pigments include the metal oxides (red oxide of iron, yellow ochre, 
chromium oxide, etc.), chrome yellow, chrome green (composed of chrome yellow 
mixed with Prussian blue), graphite, etc. Where the color of the finished paint 
plays an important factor, intense pigments should be employed, as these will be 
required to overcome the dark color of the base. Whites are rarely employed, 
but will produce shades of buff and tan. Should free acids be present in the binder, 
08 would be the case if fatty-acid pitch, bone-tar pitch, rosin or rosin pitch were 
used, the range of pigments is narrowed down to certain metal oxides. Pigments 
such as chrome green, chrome yellow, zinc oxide, etc., will combine with the free 
acids and form insoluble compounds, causing the paint to solidify, otherwi.se 
termed " gelatinizing ” or “ livering." 

Nature of the Solvents Used. The solvents ordinarily used for manufacturing 
bituminous paints may be divided into four groups, viz.: 

(1) Petroleum products, including gasolene, naphtha (benzine) and kerosene are 
most largely used. Among the naphthas there is a series of products boiling within 
a small temperature range, termed "close-cut distillates," and sold as turpentine 
substitutes. The gasolenc.s have the lowest flash- and boiling-points and the poorest 
solvent power, whereas the kerosenes have a higher flash- and boiling-point and a 
correspondingly greater solvent action, the naphthas falling in between the two. 
The petroleum solvents and their characteristics arc included in the following 
table: 


Solvent. 

Distillation Uangc. 

Specific 
Gravity at 

1.5 0° C 

Flasli-jioint 
° r (Abcl- 
Ppiisky 
Closed 
Tester) 

QatoUnes. 

Cymoneiie, rhinolenc, etc 

Canadol 

Petroleum spirits 

Naphthai 

Approximately 00'',' at 70° C 
Approximately at 8.5° C 

Approximately 00% at 100° C 

0 600 0 650 

0 025-0 675 

0 650-0 725 

About -70 
About -40 
About - .'50 

Light bcniine (71-62° Rf ) 

V, M. and P naiihtha (64 -.55° B6.). 
Turps, substitute (56 51° ) 

Turps substitute (52-48° B6 ) 

Ap|)roximatcly 00% at 125° C 
Approximately 90% at 1.50° C 
Approximately 90% at 175° C 
Approximately 90% at 225° C 

0 700-0 7:io 

0 725-0 760 

0 75.5 0 775 

6 720-0 790 

-15 to + 10 
-5 to +30 

j 80 105 

KerosfnfK: 




Illuminating oil (51-35° B^.) 

Approximately 90% at 300° C 

0 77.5-0 850 j 

100-120 

Qa* or /ufl oils' 

Commercial grades 

Approximately 5)0% at 400° C 

0 825-0 900 

150-225 


(2) Coal tar distillates, including Ijcnzol, toluol, s^)Ivent naphtha and heavy 
naphtha. These evaporate in the orders mentioned, their properties being set forth 
in the following table •; 


» Barrett Company, with additions. 
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1 

Speefie 

Klaah-point “K, 

Solvent 

Color 

Distillation Range 

Gravity at 

(.Abel-penaky 


i 


15,6“ C. j 

Cloaevl Tester). 

Pure beniol* j 

Water while^ 

1(KI%. within 2® C. ^ 

S7.6to 88.6 

-It) 

100% beiisul j 

Water white 

1 ( Xpproxiinately and at least \ 

1 100' , at 100® (' 1 

S7.6to SS.6 

-8 

90' benzol 

Water while 

(.Approximately and at least \ 
t 90*’: at 100® C 1 

( .Approximately and at least ] 

870 to 8:i2 

-ft 

50% benzol . 

Water white 

j 50* V at 1(K>® C 1 

j Approximalelv and at least j 

868 to 880 

+23 



i 90% at 120® (' 1 



Straw-colored benzol 

Straw 

At leaal .’^)%. at 100® C 

862 to 8.S2 

About .30 

Pure toluol 

Water white 

100*;, within 2® C 
( \ot over 5%, at 100“ C j 

.864 to 874 

+7 

Comnieriial toluol 

\\ alcr white 

A|iproxiiuntel.v and at least \ 

861 to .874 

About 15 



1 *.K»*: at 120® C J 



Straw-cohiri'd toluol 

Straw 

.At least 80*'; at 120® C. 

81.2 to 872 

AlMUit 17 

Pure xylol 

\6a(or white' 

1 

[ 100% between 1.3.6" and 14.6® C 
[ Not over 5*; at 130® C [ 

K(.(l to K7ti 

! 

About 8.6 

Sohent naphtha 

Water whitej 

1 Approximately and at least } 

1 .8ti2 to 872 

About 78 



[ W% at 1(.0® C J 

j 


('rude Mhriit naphtlm Dark straw 

: At least 80% at li'iO* r 

1 8iV2 to 882 

About 78 

lligh-lliish naphtha 

Uatei while 

1 100*;, liel ween 1. 60®and 200® C 

S70 to HKtl 

Not below 100 

(’rude heaw solvent 
naphtha 1 i 

\iiil)cr tored 

1 f Not over 10*; at 1M>® C 1 
' At least 90*; at 200® C J 

1 <140 to 9.SI) 

1 

Not below 00 

! 

Heavy naphtha 

1 

ll)eep .irnbei 
|to dark red 

j Not over 10*; at 11.0® C \ 

\ Almut 70*'; at 2(K)" C i 

! 92.6 to 9.60 

i 

i About 109 

i 


* Pure eliotild cr><U!litc ut appruiiinatoly 5® (' 


(3) Solvents (lenvod from w(kk1, including pure spirits of furfx*ntinc, wood tur- 
pentine, rosin spirits, light wo(m1 oil, wckmI erwsoto oil, pine oil, neetone oil, etc. 
{see p. l!K)) 'Pheir pro|K‘rtios are shown in the following table: 


8ol\«'nt. 


Dmtiilation Kange D< g 


C 


From kardicoodt: 


Light aretoric oil 
Heavy acetone oil . . 
I.ight wood oil 
Heavy wood (creoaote) oil 


7r>- 160 
ItJO 21.’» 

90*;;, lielow KK) 
90'}; below 400 


From toft [remnout) woodt: 


Gum turpentine. 

Steam-diatilled wood turpentine 
Deatruetively diatilled wood turpentine 
Pine oil , . . 

Rosin spirits. 

Rosin oil. 


96% below 170 
i()% below 170 
90');, lielow 100 
lOtVdMO 
8^200 
225-400 



Plash-point 

Spei-ifu' 

® V. (Abel- 

Gravity at 

Peiisky 

1.6 .5“ C. 

rioia.d 


Tester). 

0 82.6-0 8.30 

Below 20 


0 8H3 0 887 
0 860 900 
0 930-0.980 


Helow 

llelow 

AlKjve 


0 HflO 0 870 


10.V 108 


0 8fl(M) 870 
0 92.6 -0 O.'g) 
0 900 0 940 
0 040 0 990, 


Below 26 
1.30-170 
Below 60 
220-280 


g s s 
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( 4 ) Manufftotured chemicals, including carbon disulphide, carbon tetrachloride, 
di-chlor methane, etc. These evaporate very readily, the carbon disulphide being 
highly inflammable and the vapors explosive. Carbon tetrachloride and di-chlor 
methane similarly evaporate rapidly, but form non-explosive and non-inflammable 
solvents,’ and may be used to raise the flash-point of other solvents susceptible to 
ready ignition alone * 

The, properties of the chemical solvents adapted for use with bituminous sub- 
stances are included in the following table; 


Solvent. 

Distillation Range Deg. C. 

1 

Specific 
Gravity at 
15.5" C. . 

Flash-point 
"F (Abel- 
Pensky 
Closed 
Tester). 

Carbon disulphide. 

40-47 

1 265-1 272 

-48 

Acetone — C. P . . 

56-57 

0 700-0 800 


Acetone •-coininercial 

56-00 

0 845-0 850 

) +14 

Amyl acetate 

About 140 

0 876 

72 

Aniline 

180-183 

1 027 

170 

Nitrobeniol. 

208-215 

1 187 

104 

Di-chlor methane (methylene chloride) 

40-41 

1 377 

None 

Chloroform 

60-62 

1 48.‘>-l .'lOO 

None 

Carbon tetrachloride 

75-77 

1 580-1 600 

None 


Note, —Grain alcohol, wood alcohol, etc., cannot l)e used for bituminous mate- 
rials, as they are deficient in solvent properties. Other solvents, including ether, 
chloroform, etc., possess good properties, but are not generally used on account 
of their high price. 

The following table * shows the comparative evaporation times of certain com- 

mf>roin1 nrtlvonfa tnofnr) K.. o u i .•..i x. . i 


Carbun disulphide 
Carbon tetrachloride 
Pure beniol . . . 

100% benaol . 

90% benaol 
Straw-colored benaol 
.W% beniol 
Pure toluol 
Commercial toluol 
Straw-colored toluol. 
Xylol . , 

Solvent naphtha . . . . 


surface 3} 

in. square: 


3| Diio. 

Crude Bolvent naphtha 

121 min. 

4» •• 

Righ-flash naphtha 

205 * • 

10 " 

Crude heavy solvent naphtha . 

290 •• 

131 " 

Heavy naphtha 

303 " 

14 “ 

Turpentine 

142 " 

18 •• 

Wood turpentine 

480 •• 

23 ” 

80® gasolene 

4 " 

29 " 

70® gasolene 

8 " 

33 " 

66® bensine . 

16 " 

36 " 

62® benaine 

18 " 

89 " 

Petroleum turps substitute (42®) 

346 •• 

107 " 

Kerosene 

. 475 •• 


The proportion of solvent used, depends upon three factors: (1) the nature of 
the bituminous base, (2) the “ capacity ” of the solvent, and (3) the consistency of the 
paint desired. 

In general, the higher the susceptibility of the base, the lower will be the viscosity 
of the resulting paint. Upon running parallel tests, with the same percentage by 

W' of Nov. «, 1900, to 8. G. Penney. 

» *’Flaah, Fire and Exploeion Teeta on Mizturea of Carbon TetracUoride and Naphtha,'* by 
E, A. Barrier, Jour. Ind. Sng. Chtm., I, 10 , 1910 . 

* Barrett Co. with additiooa. 
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weight in all cases of the respective solvents, it will be found that residual asphalts 
sludge asphalt, wood-tar pitch, water-gas-tar pitch, oil-gaa-tar pitch and the coal- 
tar pitches will form paints of lower viscosity than paints prepared from fluxed 
asphaltites, blown petroleum asphalt, wurtxihte asphalt and the non-suseeptible 
fatty-acid pitches. With bituminous materials having a high susceptibility factor, 
the fusing-point of the base exerts comparatively little influence on the viscosity 
of the completed paint. Bases that arc hard, and at the same time possesa tough 
and rubber-like " properties (i.e. a low sufk'cptibility factor, considerable elasticity^ 
resilience and tenacity) when used alone, are apt to gclatinite after they have l)een 
dissolved in the volatile solvent. In other words, although the jiaint when first 
made up may appear liquid, it will after a time l^ecome transformed into a jelly- 
like mass. This Is particularly apt to occur with hard and “ rubliery ’’ fatty-acid 
pitches, wurtzilite asphalt and gilsonite. The specific gravity of the l>a.He has also 
a bearing on the paint’s comsistency. Since it is customary to measure the base 
and solvent by ueight, it follows that the higher the s|)ecific gravity of the base, 
the smaller will l>e its volume for a given weight. Hence a base of high gravity 
will form a paint of lower viwosity than an equal weight of a low gravity basi*, but 
substantially the same in other respects. 

The " capacity ” of the solvent also has an important liearing U[M)n the visnwily 
of the paint. The greater the solvent action of the menstniuin, the smaller |)er- 
centage by weight will be required to produce a paint of a given viscosity. In 
general, aromatic hydrocarbons arc superior in solvent action to ahjihatic hydro- 
carljons. Coal-tar products and those derived from wo<k1 distillation const it iitc 
letter solvents than petroleum products. Similarly, distillates from aromatic (x*tro* 
leuin are relatively l>etter solvents than those pnaluced from strictly aliphatic 
|)cfrolcum. In all cases the higher the molecular weight of the hydroearUins, the 
lietter will lie the solvent action. I)envalive.s such as carbon disulphide, carlxin 
tetrachloride, chloroform, di-chlor methane, ether, etc., ore generally lielter solvents 
than the corresponding pure hydrocarlwns from which they originated. For the 
reason previously explained, the sperific gravity of the solvent has a l)earing on the 
consistency of the paint, from the standpoint of percentage expressed by weight. 

'Ilie weight of solvent in commercial bituminous paints ranges from 20 to 80 
per cent. The smaller percentages are used in heavy-lKxlied paints intended for 
coating ma.sonry, for sealing the joints of composition roofing, and for application 
to porous surfaces. Light-bodied paints containing the larger percentages of solvent 
are used w'here it is desired to secure great ixmctration, rapid drying properties, 
or where the paint is used for “ dipping ” purposes. 

Mineral waxes alone are difficultly soluble in most solvents (see p. 310). Asphalt- 
ites and asphalts dissolve in the following solvents, approximately in the order 
mentioned, viz.: carbon disulphide, carlion tetrachloride, distillates from coal tar, 
resinous woods and petroleums. C^imparing products of the same fusing-point, 
we find that lilown petroleum asphalts are most soluble, then come native asphalts, 
sludge asphalt, wurtzilite asphalt, and lastly the residual asphalts. 

Tar pitches produced from the destructive distillation of bones, wood, peat, 
lignite and coal are more difficultly soluble than asphaltic materials and pitches 
not derived from tars (e.g., rosin pitch and fatty-acid pitch). Tar pitches dissolve 
most readily in the following solvents, approximately in the order mentioned, vis., 
carlwn disulphide, coal-tar distillates and distillates from resinous woods. Of the 
pitches: rosin pitch, fatty-acid pitch, bone-tar pitch, peatr and lignite-tar pitchea 
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are relatively the most soluble, and oil-gas-tar pitch, water-gas-tar pitch, wood-tar 
pitch and coal-tar pitch are least soluble, ranging approximately in the sequence 
stated. The solubility of bituminous substances may be increased by fluxing with 
such materials as rosin, animal and vep^table oils or fats, wax tailings, fatty-acid 
pitch, and in some cases residual oil derived from aromatic petroleums. 

Methods of Manufacture. When all the ingredients of the base fuse 
at comparatively low temperatures, the simplest method consists in 
stirring them with the solvent in a closed steam-jacketed tank pro- 
vided with an agitator. The temperature should be raised close to the 
boiling-point of the solvent, and the stirring continued until the 
solution is complete. When some of the materials melt at high tem- 
peratures it is advisable to flux them with the remaining ingredients 
of the base by direct fire, either in a small tank mounted on wheels, 
known as a “varnish kettle,” heated by coke burning in a pit, on 
grate bars sunken 8 to 12 in. below the floor level (Fig. 151), or in a 



Fig, 151.— Varnish Kettle. 


large stationary hcmi-cylindrical melting tank (p. (ifl). When the 
melting is effected in a varnish kettle, after the ingredients have been 
fluxed together, it is withdrawn a safe distance from the fire, cooled to 
slightly under the boiling-point of the solvent, which is then gradually 
introduced, small quantities at a time, stirring continuously with a 
paddle. When the base has been melted in a stationary hemi-cylindri- 
cal kettle, it is run by gravity or pumped into a closed cylindrical tank 
equipped with a stirring device, and after cooling sufficiently, the solvent 
is run in slowly, with continuous stirring until the solution is complete. 
The second method is used for preparing large quantities of paint 
in one charge. 

Sometimes the bituminous paint is mixed cold in various propor- 
tions with oleo-resinous varnishes manufactured in the usual manner, 
either to increase its weather-resistance or for purpose of lightening 
its color, when colored pigments are to be incorporated. Pigments and 
fillers may be mixed with the paint by simply stirring them together 
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in a tank provided with an agitator, or by grinding the mineral in- 
gredients and sufficient paint to form a paste in an enclosed buhr-stone 
mill, as illustrated in Fig, 152, and then thinning the paste to brushing 
consistency with an additional quantity of bituminous paint, or in 
certain cases with a volatile solvent. 

Fillers or pigments ground in accord- 
ance with the latter procedure are 
less apt to settle on standing, than if 
simply stirred into the paint. It 
should 1)C noted, however, that even 
under the l)cst conditions, fillers and 
pigments are more apt to settle from 
bituminous solvent paints than from 
oil paints. This is probably due to 
the better buoying and lubricating 
properties of the oil on the mineral 
particles. 

Types of Bituminous Paints. Ma> 

sonry Paints. These are used for Courteiy of Kent Merhine Worke 

painting brick, stone, or concrete Fm. 152 -Paint-j^rindinf? Mill, 
surfaces, usually above ground, to 

prevent the inroads of dampness or moisture. Masrmry paints often 
termed “ damp-proofing paints,’' arc divided into two classes, viz., 
clear and black. 

Clear damp-proofing paints are nm\ for painting the outside of 
exposed walls, and are generally made up from a base composed largely 
of paraffine wax in combination with resinous, oily or fatty constituents. 
Paraffine wax alone is only slightly wduble in most solvents, and has 
the disadvantage of crystallizing out at low temperatures. The addi- 
tion of resins, vegetable or animal oils and fats will prevent this to a 
certain extent, and also maintain the necessary light color. These 
paints are intended to penetrate the pores of the masonry, and are 
therefore made thin in body, containing a large proportion of .solvent 
(GO to 80 per cent by weight). The base is u.sually prepared of a low 
fusing-point to augment its solubility; and petroleum distillates, with 
or without the addition of wood distillates are generally used as solvents. 
Clear damp-proofing paints spread from 250 to 500 sq.ft, per gallon, 
depending upon the porosity of the underlying surface. 

Black damp-proofing paints are made from asphaltic mixtures, 
vater-gas-tar pitch, oil-gas-tar pitch and the various coal-tar pitches, 
ised either alone or in combination with animal or vegetable fats or 



470 


ASPHALTS AND ALLIED SUBSTANCES 


oils. The base is prepared of a fairly low fusing-point (140 to 160® F. 
by the K. and S. method) and “ cut '' to a heavy body. Asphaltic bases 
are dissolved in 40 to 60 per cent of petroleum distillate, figured on the 
total weight; and bases derived from tars dissolved in 30 to 45 per 
cent of coal-tar distillate. This class of paints is used for coating the 
inside of exposed masonry walls, and may be plastered upon directly, 
thus dispensing with the furring and lathing. The best practice con- 
sists in applying two coats of the damp-proofing paint to the inside of 
the wall, allowing each to dry about twenty-four hours. The plaster 
may then be trowelled directly on the paint, with which it forms a 
good bond. Black damp-proofing paints containing saponifiable mate- 
rials such as vegetable or animal oils and fats, or resins, bond better with 
the plaster than those made exclusively of asphaltic or coal-tar mix- 
tures, in which latter case the bond tends to weaken when the paint 
ages. The paint should spread between 50 and 60 sq.ft, per gallon 
for the first coat, or 70 and 80 sq.ft, for the second, depending upon 
the character of the surface to which it is applied. 

Paints for Recoating Prepared Roofings, These fall into two groups, 
namely those intended to repaint prepared roofings composed of as- 
phaltic and coal-tar products respectively. For the former, asphaltic 
paints are used, and for the latter, paints prepared from pitches, and 
generally coal-tar pitch. For the cheapest paints, straight-distilled coal 
tar or crude asphalt-bearing petroleum are used. These form coatings 
of a nondescript character, due to their variable composition, and they 
also evaporate and harden slowly. 

Higher grade paints of this class are prepared from substantially 
the same compositions used for the coatings of prepared roofings (p. 392), 
but of a slightly softer consistency and lower fusing-point (140 to 160, 
K. and S. method). These are dissolved in approximately an equal 
weight of solvent. When used as lap-cement, a smaller proix)rtion of 
solvent is incorporated, and the paint is accordingly made heavier in 
body. Asphaltic paints should not be used on roofs containing coal-tar 
products, or vice versa. 

In all cases, it is important that the base should be plastic, and have the same 
physical characteristics as the bituminous roofing to which it is applied. Paints 
containing a preponderance of vegetable drying oils ” such as linseed, china- 
wood, etc., fail to answer satisfactorily on bituminized roofings, for the following 
reasons: 

(1) Vegetable drying oils oxidise to an elastic substance known as “linoxyn,” 
entirely devoid of plasticity, with the result that such coatings soon crack, check 
(''alligator "), and in certain cases peel off the roofing, when exposed to the weather. 

(2) Because the dark-colored bituminous constituents have the property of dif- 
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fusing or drawing through a coating of dried or oxidized vegetable oil, upon b«ing 
subjected to the sun’s heat, thereby causing the paint to assume a badly discolored 
or mottled apjx'arance. 

Bituminous materials interfere with the oxidation of vegetable drying oils, and if 
an excess of the former is prcKcnt in the base, the entire composition will assume a 
“ plastic ” consistency, and the drying of the oil will l>e retarded. On the other 
hand, if the vegetal)le drying oil is in excess, it will oxidize in spite of the .bitumi- 
nous matters. The following tibb* shows the relation between the consistometer 
hardnc‘ss at 77® F. (Test 9c), and the percentage of commercial lioiled linseiHl oil 
in admixture with gilsonite. 
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Many unsuccessful attempts have lieen made to adapt linseed-oil-piginent^paint* 
for coating prepared roofings, as for example, by first applying a priming coat of 
sodium silicate and rosin,' surfacing the nsifing with fine sand,* etc. 

To succe.ssfully paint prepared roofings in colors, u weather-proof plaHlic bitumi- 
nous binder must lie selected, having a light brown color in a thin layer (1-2 mils 
thick) when viewed by transmitted light on glass; otherwise yielding a brown streak 
on ixircelain (Tc.st 0). (lilsomte and eertain forms of fatty-acid pitch ((Jroup 1); 
mixtures of the.se with certain re.sins (droup 2); mixture's of these* with a small 
profKirtion of vegetable oils or fats ((Jroup Ji); or mixtures containing both resins 
and vegetable drying oils ((Jroup 1). will an.swer satisfacteirily for this pur|)Ose, 
since they may lie mixed with pigments without obliterating their (oIr>r, as would 
1)0 the case if dark-colored bituminous mixtures yielding a black streak wen; used.’ 
The base is dissolved in the volatile wilvent and finally the colored pigment or 
mixture of pigments ground in The ratio of pigment will vary from iialf to the 
same weight as the base, dejiending u|)on the intensity of the pigment, the opacity 
of the base, and the color of the paint d(»(ircd. The fiercentage of volatile solvent 
must l^e incrcAsed slightly when pigments an; used, due to the fact that these con- 
tribute to the Ixxly of the paint. A typical mixture will contain tJO per cent bane, 
20 per cent pigment, and 50 ix'r cent volatile solvent. 

>Gpr Pat 219,181, o( 1907 to H Engelhardt 

* U. S. PaU 291,600 of Jan 8, 1884 to Joaiab Jowitt. 386,057 of June 26, 1888 to Alexander 
Jonee. 791,312 of May 30. 1905 to C 8. Bird. 

» U. S. Pat. 824,898 of July 3, 1906 to Herbert Abraham. 
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Bituminom PaintR for Metal or Wood. All sorts of bituminous 
paint mixtures have been recommended for painting metal and wooden 
surfaces.^ 

Bituminous paints give better results out-of-doors on metal than on wooden 
surfaces, although most manufacturers recommend them indiscriminately for both 
types of construction. However, it should l^e noted that any resinous constituents 
in the wood will act deleteriously on the paint after a time, due tu their solvent 
action on the bituminous constituents present. Bituminous varnishes and enamels 
may safely be recommended under these conditions, since the excess of drying oil 
on oxidation becomes immune to the resinous constituents. If manufactured 
according to correct principles, bituminous paints will give fair service on exposed 
metal worb, including metal roofs, corrugated iron, farm implements, etc., and 
although inferior in weather-resistance to bituminous varnishes and enamels, they 
are at the same time considerably less expensive. Bituminous jiaints have been 
used successfully for resisting the corrosive action of acids, alkaline solutions, 
cyanide liijuors, etc. They are, in fact, more resistant to the.se chemicals than any 
other types of paints at pre.s(‘nt known. When used to withstand acids they will 
afford bettor protection to w.dI than to metal, due to the fact that wooden sur- 
faces are in themselves more resistant to the action of acids, and being porous will 
absorb a greater quantity of paint, thus insuring a greater “factor of safety.” 

Bituminous paints will not give satisfaction when exposed to vapors or the direct 
contact of solvents for bituminous materials, such as petroleum products, illuminat- 
ing gas, the so-called “gas-drip” condensing out of gas mains, turpcuitine, exuda- 
tions of resinous woods, or the like. They may be applied on top of dried coatings 
of linseed oil paint or varnish, but should not be recoated therewith, as bituminous 
materials will form an unstable foundation, and for the rea.sons previously cited 
will act injuriously on the sufierimposed coating of dried linseed oil (hnoxyn). 

Certain bituminous paints, prepared without the use of mineral fillers or pig- 
ments are used for electrical insulating purposes where a rajiid “ air-drying ” paint 

' U. S PatB 109,757 of Nov. 29, 1870 to T C Rioc, composed of coal tar, Venetian red and 
solvent, 188,646 of Mar. 20, 1877 to A K Lee, composed of asphalt alone and solvent, 207,096 

of Aug 20, 1878 to M. R Railey and 243,990 of July 5, 1881 to J S Snuth roniposcd of fattv- 

acid pitch and sohent, 23.5, ,36.5 of Dec. 14, 1880 to A K l.ce, composed of asphalt, linseed od, 

pigments and solvent, 237,017 of Jan 2.5, 1881 to J F llofTman, composed of asphalt, rosin 

and creosote oil, 240 899 of May 3, 1881 to J L Fauss, composed of coal-tar pitch, red iron 
oxide, ground slate and solvent, 243,990 of July ,5, 1881 to J C Smith compo.scd of fatty-acid pitch 
and solvent, 338,868 of Mar .30, 1886, 348,993. 348,994 and 348,99.5 of Sept 14, 1886, all to 
T. J. Pearce and M W Beardsley, composed of residual asphalt dissolved in carbon disulphide, 
369,301 of Aug. 30, 1887 to G W Swan, composed of residual asphalt and pigments dissolved in 
benzine; 391,927 of Oct .30, 1888 to J A Titrel eompiscl of gilsonite, a small proportion of 
rubber, linseed oil, colored pigment and solvent. 394,.396 of Dec 11, 1888 to F M Reed, com- 
posed of asphalt, rosin, lime, stcarine, red iron oxhle and solvent. 701,743 of June 3, 1902 to 
T. L, Lee, composed of coal-tar pitch, dead oil, benzol and .vellow ochre. 768,101 of Aug. 23, 1904 
to F. M. Whitall, compose*! of nurtzilite asphalt and solvent. 8.3.5,113 of Nov 6, 1906 to .S G 
Penney, composed of blown petroleum asphalt, carbon tetrachloride and petroleum naphtha; 
853, .3.54 of May 14. 1907 to August Gross and A C Horn, composed of asphalt, Portland cement 
and pine oil; 907.337 of Aug. 16, 1910 to D. T Day, containing nitrated asphaltites dissolved in a 
solvent. 984,477 of Feb 14, 1911 to M. D. Griffin, ot al , containing gilsonite, wurtzilite asphalt, 
boiled linseed oil and solvent; Eng Paie No 1932 of June 13. 1868, to Charles Humfrey, con- 
taining fatty acid pitch, coal-tar pitch or residual asphalt dissolved in a volatile solvent. No. 12,632, 
Nov. 1, 1887, to J. H Lyman, deacribing the use of residual asphalt dissolved m benzine. 
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is required. They are usually raarkeied under the erixmeous term "air drying 
varnish,” but are in reality air-drying paints. The author has exaininetl specimens 
capable of withstanding 1000 volts i)er mil in thicKiiess. 

For manufacturing inexpensive machinerv and farm implements, i)ituminou8 
paints may be used for dipping pur|x)ses, uixm thinning with additional solvent. 

BITl’M I Nors ( 'KM I :nts 

Thest' are of plastic, trowelling consi.^tiuicv aiul adapted for repair- 
ing metal or comiMisition ixMiting, dainp-prooling tiu* insidi* of masotiry 
walls above ground, and to a liinit(‘d I'xttuil for watcMproofing tlu' out- 
sid(‘ of foundation walls Ik'Iow ground. 'PIm' eenuait may 1 k‘ compost'd 
of two or more of the following const it tient.s, viz.: 

(1) A ba.'^e containing one or more bituminous materials with or 
without the addition of vegetable oils, resins, etc. The ingrt'dients 
should preferably h) blended together in such pro|K)rtions that the 
mi.xture will show a fusing-ixiint (K. and S. method. Test ITm;) bt'twt'en 
Lh") and 175° F., a consistornett'r hardness (Test %) of 5 to 25 at 77° F., 
a .susceptibility factor (Test ikl) below 25, and substantially complete 
solubility in the solvent u.st'd. 

(2) Mineral fillers are sometimes added, comprising any of the prod- 
ucts, such as clay,* etc., used for filling tlie coatings of prepared roofings 
(p. 3t)d). Occasionally colored mineral pigments an* u.sed to impart 
to the cement, a color other than the inhenaitly <lark color of th(‘ 
bituminous materials. J-]ven when employed in moderatt'ly large pro- 
portions, and of a strong intensity, they will re.sult in comparatively 
dark hues. 

(3) Fibrous matter is often added to bind the ba.se together, and 
form a tougher initss when set. The fdires may either be of miiK'ral, 
vegetable or animal origin, including asbestos,- slag wool, cotton flock, 
shoddy, rag fibres, etc. These an* added in perc(‘ntages not to exceed 
15 iK'r cent of tli<* total. The wa.stc |)roducf obtained in the manufacture 
of bituminized roofing or shingles may aFo be used for this purpo.si',* 

(4) A volatile solvent in which the ba.se will dissolve, consisting of 
petroleum products (e.g,, gasolene, naphtha, or kerosc'nc), distillate.s from 
ro.sin or wood (e.g., turpentine, wmxl turpentine, pine oil, wood creosote 
oil, etc.), tar distillates (e.g , Ixuizol, coal-tar naphtha, solvent naphtha, 
creosote oil, etc.), used singly or in various combinations. The per- 
centage of solvent will range from 10 to 25 ix?r cent in weight, depend- 

> S Pat 14.5,70.5 of Der 16, 187.3 to Ifora'’® Wheeler 

*U S Pata 76,77.3 of Apr. 14, 1868, 76 773 He .5948A and 5949B of June 30, 1874, all U> 
H W Johns 

* V. S. Pal. l,2o.i,154 of Jan 1.5, 1918 to llerixrt Abraham. 
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ing upon the nature of the base and the desired consistency of the 
cement. 

The cement is manufactured by combining the base with the volatile 
solvent in one of two ways: 

( 1 ) By melting together the constituents in a so-called “ varnish 
kettle (p. 408) over direct fire heat, cooling until the mass commences 
to thicken and then gradually stirring in the solvent, small quantities 
at a time. 

(2) By “ cutting '' the ingredients of the base with the solvent, in 
a closed steam-heated tank provided with a mechanical stirrer. The 
compf)nents of the base are weighed out separately, then the solvent 
added, the cover or cap of the tank screwed in place and steam turned 
on. The stirring is continued until the solution is complete, whereupon 
the charge is allowed to cool, the cover removed and the contents with- 
drawn. When mineral fillers, pigments or fibrous matters are to be 
used, they are incorporated cold, either by hand or with a power mixer. 

The cement is ordinarily applied with a trowel in a layer from 
iV to i in, thick, covering 25 to \2l sq.ft, respectively per gallon on a 
fairly smooth surface. The volatile solvent should evaporate within 
twenty-four hours, leaving the base and any mineral filler or fibrous 
constituents in the form of a weather-proof coaling capable of withstand- 
ing the highest sun temperatures without softening or running, and suffi- 
ciently tough to withstand walking, attrition of the elements, or any 
expansive or contractive strains to which it may be subjected. 

BITUMINOUS VAHNJSHKS 

These correspond to Groups 3 and 4 in the preceding classification 
(p. 4()3), but carry a larger percentage of vegetable drying oil, with the 
fillers and pigments absent. In other words, they consist of a bituminous 
base, a volatile solvent, animal or vegetable “ drying oils '' with or without 
the presence of resins. The proportion of oils should be sufficient so the 
base will possess a liquid to semi-liquid consistency and harden at room 
temoerature by oxidation of the oils. Hard bituminous substances only 
are suitable for manufacturing varnishes, including the hard native 
asphalts, asphaltites, hard residual asphalts, wurtzilite asphalt, hard 
rosin pitch, hard wood* tar pitch, hard fatty-acid pitch and hard bone-tar 
pitch. Those ordinarily employed include asphaltites, hard native 
asphalts, hard fatty-acid pitches, and less frequently wurtzilite asphalt. 
The oils generally employed include linseed and phin^-wood, or a mixturq 
of the two. 
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Asphaltic varnishes are prepared in the same manner as oled^ 
resinous varnishes, namely, in a varnish kettle. When fossil itsihi 
(copals) are to be used, they are first melted up or “ depolylnerixed ’’ 
at a temperature of 500 to 550® F., and when rendered fusible, tl.e oils 
are added in the customary manner, then the drj'ers, and finally the 
asphalt or asphaltite. When the mixture has l)een thoroughly melted, it is 
allowed to cool and thinned with one or more volatile solvents. 

When the varnish consists solely of bituminous matter and drying 
oil, one of three procedures may be followed, viz.; 

(1) The oil or mixture of oils in the raw state may be fluxed with 
the bituminous matter, thereupon “ bodied " at 5()0 to 525® F. until 
the mass becomes stringy, cooled to 400 to 450® F., then the dryers 
incorporated, and finally thinned with a volatile solvent. 

(2) The oil or mixture of oils may first lx? bodied alone, then f uxed 
with the bituminous matter, the heat raised to about 5C0° F., cooled 
to 400 to 450® F., the dryers incorporated, and finally thinned. 

(3) The oil, or mixtures of oils may first Ix^ bodied as in the fore- 
going, cooled to 400 to 450® F., the dryers incorporated, fluxed with the 
bituminous matter, cooled and thinnetl. 

Each varnish maker has his own views as to the relative efficiency 
of these procedures. 

V.irnifihos mtide from linseed oil alone are nore durable on expomire to the 
weather, but they dry slower than mixtures containing china-wood oil. When 
china-wood oil is used, it must be heated above 500® F., to prevent the varnish 
drying with a “ flat ” or “ frosted ” ap|)earance, but it should never be heated 
done above 500® F., otherwise it will gclatinixe and become infusible. The presence 
of 30 per cent lin.sccd oil, resins or bituminous matter, or a combination of these 
will retard gelatinization but not prevent it. China-wood oil nixtures containing 
50 per cent of one or more of these substances may be heated without danger 
of gelatiuization. 

Bituminous varnishes ordinanly contain 15 to 20 gallons of oil jier 100 lbs. 
of bituminous matter, or mixtures of b tuminous matter and resin. The durability 
of the varnish on exposure is in proportion to the quantity of oil present, socalled 
“ long-oil varnh’hes ” being more durable than " short^il varnishes." Rosin esters 
have recently lieen used in combination with asphalts in this class of varnishes 
with good results, and prove fairly durable on exposure and waterproof. 

The following dryers are generally used: 

(1) Lead dryers in amounts ranging from 2-4 per cent by weight of the oil. 
Since the asphaltic varnishes are dark in color, it is unnecessary to use “ pale " 
dryers, and consequently litharge (PbO) or red lead (Pb^Oi) will answer satis- 
factorily. 

(2) Manganese dryers in percentages of 1-2 per cent, usually in the form of 
manganese dioxide (MnOj). 

(3) Cobalt dryers in percentages of 1-1 oer cent of the oil, and added in the form 
of cobalt acetate (CoAi). 
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The l^est results are obtained by using combinations of lead and manganese; 
manganese and cobalt; or lead, manganese and cobalt in approximately the ratios 
specified. The addition of prepared liquid dryers to the cold varnish will not 
answer in the ease of asphaltic varnishes as with oleo-resinous varnishes. 

The following repre.seut typical specifications for this type of varnish: 

SpcQifications (M-L-N-55) Issued by the U. S. War Dept., July, 1008, provide 
that “Asphalt varnish must be made of fiiire high-grade asphalt of tiie very best 
quality, of pure lin.seed oil and pure turpentine dryers only, and must not contain 
Ic.ss than 20 gal. of prepared linseed oil to 100 gal. of varnish. It must not 
flash below lOd'" F. (open tester). It must mix freely with raw linseed oil in all 
projiortions; it must be clear and free from sediment, resins and naphtha. When 
flowed on glass and allowed to drain in a vertical position, the film must be per- 
fectly smooth, of goofl body, and must equal in this last respect the standard 
.sample. It must set to touch in from 1^-21 hours, and must dry hard m le.ss than 
20 hours at 70” F. When dry and hard it must not rub up and powder under 
friction of the finger. The application of heat must quicken the time of <lrying 
and give a harder film.’’ 

S[jecification.s (r)2V-la) is.sued by the U 8. Navy Dept, July 20, 19111, provide 
that “Black asphalt varnish must be made exclusively from pure high-grade asphalt 
of the very best (piality, pure linseed oil, pi*troleum sjiint.s, and lead-manganci-e 
dryers. It shall contain petroleum spirits, not l<‘ss than 50 per cent nor more than 
55 per cent by volume The asphalt ami linseed oil must be present in such pro- 
portions as to yield a film, after thorough drying, which .shows no tendency to rub 
up or powder under friction of the finger, d'he fla.sh-point by the open tester mu.sl 
not be below 100” F. It must mix freely with raw hnse'cd oil. When flowed on 
glass and allowed to dram it should dry hard within 20 hours at 70" F., the film 
to be smooth and to possess full hiding jiower.’’ 

Vnrnishc.s containing china-wood oil will harden more rapidly than the foie- 
going. Bituminous varnishes will withstand exfiosure to the weather evem better 
tlian oleo-re.sinous varnishes, although their u.se is limited by their inherently dark 
color, which restricts them for coating metal work either out-of-doors or in-doors. 
'I'hey produce lustrous coatings on drying. Other things being e(iual the blacker 
the strcvak on porcelain of the bituminous base, the more intense will be the color, 
covering power and opacity of the resulting varnish. If too large a pro|xirtion 
of the resin or oil is u.sed in its manufacture, the varni.sh will dry with a trans- 
lucent film po.s.sessnig a brownish black to deep brown color, having little value 
for coating structural objects. Such varnislies are sometimes u.sed by artists to 
})roduce w’arm brown tones, and were so employed by the ancient masters, who 
|H)s.se.s.sed the s<*cret of fireventing them diffusing through and discoloring the light- 
colored paints in juxtaiMisition. 


BITUMINOUS ENAMEI^ 

Thost' are prepared from bituminous varni.she.s by giinding in diy 
pigments sufficiently intense to overcome the inherently dark color of 
the varnish. The enamels at best can be manufactured in compara- 
tively dark hues only, which limit their scope of usefulness. They havo 
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the advantages of extreme durability and low cost, since bituminous 
materials an' less exp(‘nsive than the resins otherwise list'd for this purixiso. 

The bituminous varnisht's to In' used for manufacturing enamels are 
made lus translucent as [xissible to favor the color of the pigment. Hitu- 
minous substance's showing a brown streak are accordingly select'd, and 
combined with substantial amounts of resinous and oily IxHlies. (Jil- 
sonite constitutes the most })opular bast', since it shows the optimum 
brown color, possesses the neci'ssary hartliH'ss, and at the same time 
does not tend to gelatinize with lead, zinc and chromium pigments. 

The pigments arc incorporated in the vehicle by grinding through a paint mill, p. 4()9. 
The following pigments may be used 

Red iron oxide to produce deep rcd.H and maroons. 

(’hionie green to prculuce deep sh-'idoB of green and olive. 

Yellow ochre to protluce brown.s 

Chrome yellow to pr(Kliice decf) yellows and browns. 

liitho^Rine, zinc white, white lead and sublimed lead to produce tans (without 
other additions). 

Graphite u«cd either alone or in combination with lampblack or carbon black 
for coating structural steel, and metal roofs. 

BITUMINOUS JAPANS 

In this treatise the term “japan “ is used to designate a dark-colored 
menstruum applu'd to metals, wood, fabrics, etc., intended to bo hardened 
by boknuj. Japans nn* .sometimes useii for imprc'gnating felti'd or woven 
fabrics for electrical insulating imriKiscs. In composition thi'y fall into 
any of the four groups enumerated on p. Iti2, the hllers and pigments 
being omitted. 'Ihi; base of cht'ap japans is eomposed solely of bitu- 
minous materials lilended in the propc'r proportions, whereas tlie UTter 
grade's arc made from mixtures of bituminous materials and vegetable 
drying oils, with or witliout. the addition of resin. They are opacpie 
black to translucent brown in color, and aftc'r baking, form coatings 
which are extremely hard, tough and resistant to abrasion. 

Japana are often made from semi-Bolid native a.sphaltH, and in some cases resid- 
ual asphalts derived from aromatic-base petroleum having the proiierty of harden- 
ing on “ baking." Toughnes.s may be imparted by fluxing with a small percentage 
of blown petioleum asphalt or fatty-acid pitch. Fatty-acid pitches which have l^een 
over-heated in their process of manufacture, are especially suitable for this purpose 
being often used alone. The characteristics of bituminous substances suitable 
for manufacturing japans are as follows: 

(1) They must be homogeneous and free from any fine particles of grit. 

(2) They should show a black streak, and be opaque when viewed in a thin 
layer. 
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(3) They must not separate, curdle or gelatinize " on thinning with petroleum 
naphtha. 

(4) They must bake in a reasonable length of time to a tough and permanently 
glossy coating, without shrivelling or ** crazing." 

A popular form of japan consists of gilsonite fluxed with a fatty-acid pitch of 
the type described, and thinned with petroleum naphtha to brushing consistency. 
If the fatty-acid pitch does not bake sufficiently rapid, a common scheme consists 
in combining a small percentage of dryer such as manganese dioxide or raw umber, 
at a temperature of 450® F. Tougher and more elastic japans are prepared by 
incorporating a proportion of bodied hnseed oil, which also serves to improve the 
gloss. 

Since semi-drying vegetable and animal oils will oxidize to tough coatings at 
elevated temperatures, and are usually less expensive, they may be substituted for 
the vegetable drying oils, especially if bodied and combined with dryers. Thus 
cottonseed oil, corn oil, soya bean oil, and fish oil have been used for this purpose, 
sometimes combined with a small percentage of china-wood oil to accelerate the 
drying. Another expedient consists in bodying the vegetable oils at 450-475° F. 
with a small proportion of Prussian blue (|-1 ounce per gallon), which serves to 
convert the oil into a brownish black liquid, thus increasing the opacity of the japan, 
and at the same time imparting drying properties to the oil. This is the same 
procedure followed in manufacturing baking varnishes and japans for the patent- 
leather industry. 

Japans are applied to articles by dipping, brushing or spraying, and heated in 
specially constructed ovens from 1-4 hours at 200-400° F. depending upon their 
composition. Modern practice favors the use of higher temperatures for shorter 
periods of time. Wooden and other porous articles must be baked longer than 
metal. Semi-glossy and flat black japans are prepared by grinding carl)on- or 
lampblack in the foregoing menstrua, and when ))aked present a surface simulating 
the appearance of hard rubber. Sometimes a small percentage of oxide of zinc 
is incorporated to impart a grayish cast. Bake<l japans form a harder, tougher and 
more weatherproof coating than those resulting from bituminous varnishes allowed 
to air-dry at room temperature.* 

Japans containing 10-17 gal. of drying oil per 100 lbs. of solid constituents 
are employed for insulating armature and field coils of motors and dynamos, also 
transformer and magnet coils, in small plants where vacuum impregnating apparatus 
is not available (p. 449). The coils after having been wound with cotton or other 
fibrou.s material are heated in an oven until the moisture has been expelled, and 
while still hot are dipped into the cold japan. After removing and allowing the 
excess to drain, the coils are baked in an oven at 180-200° F., usually from 8-12 
hours. It is advisable to dip and bake the coils twice to insure thorough impreg- 
nation. These japans are sold under the trade name of “ black baking varnish." 
and if properly prepared will withstand an alternating current having a potential 
of 800-1000 volts per mil, after having been baked 300 hours. One of the essential 
characteristics of the "varnish" is that it shall neither soften nor become brittle when 
applied to armatures of dynamos or motors subjected to continual vibration, and 
often becoming heated as high as 190° F. in service. Should the varnish or japan 

I "The Application of Gas to Japaning and Lacquering," by E. F. Davia, pubtiihed by thg 
Nationgl Conunfrcigl Gas Awociation, Brooklyn, N, Y., 19IQ. 
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become brittle, the vibration will soon cause it to crack and pulveriie, and result 
in short-circuiting the machine. This is one of the severest tests to which any 
form of varnish is subjected. It reouires considerable skUl to prepare a japan 
that will retain its pliability on long service when subjected to alternate heating 
and cooling in contact with air, combined with the vibrating and centrifugal action 
exerted by the revolving armature. A simple test consists in baking the japan 
on a small strip of muslin at 195® F. for 300 hours, and then observing wivether it 
can be Ijent double (flat on itself) without cracking at 77® F. It must also with- 
stand continuous immersion in hot lubricating oil without softening or disinte- 
grating. 

Itcsina are sometimes added to the baking japans, but are not looked upon with 
favor iK'caii.se of their tendency to make the coating brittle. 
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METHODS OF TESTING 


xxviii 

PHYSICAL CHARACTERISTICS 

Chapters XXVIII. XXIX, XXX jind XXXI will be devoted to a 
description of the most important tests used for (‘xamining crude, refined 
and l)lended bituminous substances. Certain of the tests have been 
adopted lus standards by technical societies, and particularly the American 
Society for Testing Materials, whose committees have been active in 
this field, accomplishing much to clarify what formerly constituted a 
veritable jumble of rule-of-tlmml) methods. Other tests appearing in 
tlie current literature will be included where they have been found 
adeiiuatc, but in certain cases these have l)e('n amplified or elaborated 
to conform with the practice followed in the author’s laboratory. The 
author, however, assumes full responsibility for any methods descrilied 
which have not Ix'.en proposed or adopted as ‘‘ standard.” 

The tests which follow are grouped under four headings, viz., physi- 
cal characteristics, heat tests, solubility tests and chemical tests, a 
chapter being devoted to each. In general, a lest may have one or 
more objects in view, viz.: 

(1) Serving as a means of identification. 

(2) Ascertaining the value of the substance for a given use. 

(3) Gauging the uniformity of its supply. 

(4) An aid to factory control in its manufacture, refining or blend- 
ing, and 

(5) As a criterion of its quality. 

The last named may serve as an indication of its purity, the care 
exercised in its preparation, or its intrinsic value. The tests pertain- 
ing to bituminous substances fulfil these requirements as shown in 
Table XXXIV. 
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Table XXXV contains a liyt of the principal bituminous substances, together with 
such physical .and chemical tests as will enable them to be distinguished one from 
another. Under each heading the minimum and maximum figures are included, 
based on the author’s experience. His intention has been to make the range suf- 
ficiently liberal to cover all the commercial varieties, and at the same time prevent 
the range being too broad, since this would result in unnece.s.sary overlapping. 

Test 1. Color in Mass. This test is used largely for purposes of 
identification, and consists in examining a freshly prepared surface of 
the bituminous material in daylight. The colors range from white, 
through the various shades of yellow, brown and })lack. Some possess 
a greenish or reddish cast, and again others may appear fluorescent. 
Purified mineral waxes appear pure white, wax tailings a bright yellow, 
asphalts and pitches are generally l)rownish black, grayish black or 
black. 

Test 2. Homogeneity. This test is used for purposes of identifica- 
tion, for determining the adaptability of the bituminous substance to a 
given purpose, for gauging the uniformity of supply, for purposes of 
factory control, as a rough criterion of the purity, and when the bitu- 
minous mixture is free from mineral and carbonaceous matter, for 
ascertaining whether a complete amalgamation of the constituents occur, 
especially after fluxing (p. IIUI). 

Teat 2a. Homogeneity to the Eye at 77'’ F. With soft materials this may be 
ascertained by disturbing a freshly prepared surface of the maiorial (cooled to room 
temperature) with a rod or spatula, and observing whether any dulling occurs. 
An alternate method eonsistb in drawing a small jicllet into a thread between the 
fingers, and noting whether it dulk'ns while being drawn out. With hard and 
brittle substances a freshly fractured surface may be examined. Any evidence of 
dullness is an indication of: (1) the pre.scn(« of mineral matter, (2) the presence 
of free carbon (non-mineral matter insoluble in carbon disulphide), (3) an imper- 
fect blending of the bituimnou.s constituents. 

Test 2b. Homogeneity under Microscope. This is a.scertained by spreading a 
minute quantity of the bituminous material on a microscope slide in a thin layer 
and examining it by transmitted light under a magnification of 100 to 250 diam- 
eters. With bard bituminous materials, the slide should be warmed and the 
specimen spread uniformly and thinly, while melted. This test manifests the same 
characteristics os the preceding, and in addition, permits the detection of the 
solid paraffines, which separate from the bituminous matrix in crystal-hke masses, 
Parafi5ne may be identiliovl j)ositively under a microscope ctiuiiipcd with a polariscopic 
attachment. 

Test 2c. Homogeneity When Melted. This constitutes a rough test for detect- 
ing the presence of substantial amounts of extnuieous matter, such as mineral con- 
stituents or free carbon. The bituminous material is simply melted and .stirred with 
a rod. If these constituents are present in large quantities, they will impart a gritty 
feel to the mass, and will often settle out on standing. 
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Test 3. Appearance Surface Aged Indoors one Week. A snmll 

quantity of the bituminous material is carefully melted at ‘the lowest 
possible temperature and poured into a tin ointment box or deep seam- 
less can as used for detennining the volatile matter (Test !(')). I'he sur- 
face should l)e free from froth or bubbles and allowed to cool in a place 
free from draughts. When cool, the surface is examined, and then cov- 
ered to protect it from dust. At the end of a week the cover is 
rerr'oved and the surface re-examined. If bright and lustrous, it will 
indicate i perfect amalgamation of the constitmuits, also the absence 
of oily, grea.sy and undissolved con.stituents. A lustreless surfac(‘ is 
an indication of the presence of extraneous mineral or carbonac(‘ous 
matter, or evidence that the con.‘<tituents do not blend or amalgamate 
properly. If the .surface app(‘ars grea.\v or wax-like, vasc'liiu'- or paraf- 
ilne-likc bodies are pre.^ent. .since these have the })H>perly of .si'parating 
or “ sweating ” from the bituminous matrix on standing, 'i bis would 
prove objectionable where the bituminous material is to be u.sed for 
.surfacing prepared roofings du.st(‘d with talc, or for manufacturing 
bituminous paints, varni.shes or japans. This te.st is acconlingly 
used for purpo.ses of identification, d(‘termining tlu' adaptability 
of the sub.stance for a given purjxi.se and as a iriterion of its 
(juality. 

Test 4. Fracture. This is ascertained urxm cl(‘aving the specanien 
by subjecting it to a sharp blow, and (‘xamining the cl(‘avage surface. 
Only hard and “brittle" bituminous substances will yiehl to this test, 
including the hard asphalts and asphalt ite.s. The fracture may either 
appear conchoidal (rounded and curved like a shell), or hackly (jagged, 
irregularly and rough). 

Test 5. Lustre. This indicate.s tlie manner in which light is re- 
flected from a freshly fractured .surface, and may I)C bright or vitreous- 
indicating that it has the brilliancy or shine of gla-ss; greasy indicating 
that it presents an oily or greasy surface; waxy indicating that it 
has the characteristic appearance of wax; or dull indicating that the 
surface is without lustre. The.se manifestations are used for purposes 
of identification, and for determining the adaptability of the bituminous 
material for manufacturing paints, varnishes and japans. 

Test 6. Streak on Porcelain. This repre.s<*nts the color of the pow- 
der which is left beh nd on drawing a piece of the solid bituminous 
material across the surface of unglazed porcelain. Hard bituminous 
materials only will yield to this test. The streak may be classified as 
white (where no streak is visible), yellowish, yellowish brown, brown, 
brownish black and black. This test is of value for purposes of identi- 



ASPHALTS AND ALLIED SUBSTANCES 


fication, and as an indication of the suitability of the substance for use 
with colored pigments. 

Test 7, Specific Gravity. This test is of value (1) in identifying 
bituminous materials; (2) for controlling the uniformity of supply, 
(8) for purposes of factory control, (4) for figuring the weight of a given 
volume as delivered in tank cars, when stored in tanks or else upon 
filling into containers, (6) for calculating the volume of the bituminous 
binder in pavements (p. 364). The specific gravity is of special value 
when considered in connection with the fusing-point (p. 293) or hard- 
ness. 

Teit 7a. Hydrometer Method for Fluid Materials. Where speed is essential 
and great accuracy not required, the specific gravity of fluid bituminous materials 
may be determined with a hydrometer having its scale 
sub-divided to unity in the third place of decimals. 
Usually a series of hydrometers are used, ranging respec- 
tively from 0.800 to 0.900, 0.900 to 1. 000, 1.000 to 1.080, 
1.070 to 1.150, 1.150 to 1.230, and in such dimensions 
as to enable them to be used in a 100 c.c. cylinder 300 
mm. long (with a permissible variation of 30 mm.) and 32 
mm. in diameter (with a permissible variation of 3 mm.). 
The hydrometer should be of the form shown in Fig. 
153, and have the following dimensions; length of stem 
125 mm. (±12.5 mm.), length of bulb 105 mm. (±10.5 
mm.), length of scale 80 mm. (±8.0 mm.), diameter of 
stem 6 mm. (±0.5 mm.), diameter of bulb 22 mm. 
(±2.0 mm.).^ 

From A. S T. M. Sttndwds Most hydrometers are adapted to read at 60® F./60® 
Fio. 153.— Hydrometer. F., or in other words, the in.struiiH'nts are ealibrati'd for 

water at 60® F. taken as unity. The standard tempera- 
ture for testing bituminous materials is 77® F., and they should accordingly be 
brought to this temperature when tested with the hydrometer. For correcting the 
reading to water at 77® F., it should be multiplied by 1.002, as follows: 

Sp.gr. at 77® F./77®F.*= Sp.gr. at 77® F./60® F.X 1.002. 

In running the test, the bituminous material is brought to a temperature of 
77® F., immediately poured into the hydrometer jar, and then the hydrometer 
slowly allowed to sink into it until it comes to a definite resting-point, whereupon 
it is raised slightly, and allowed to sink a second time. The reading is then noted. 
The hydrometer must not be pushed below the point at which it comes to rest 
until after the second reading has been taken, then it should be pushed a slight 
distance below the end point to observe whether or not it will rise. If it fails to 
do so, it is evident that the bituminous material is too viscous to be tested by the 
hydrometer method, and some other method should be employed. Care should be 
taken that the hydrometer does not touch the sides or bottom of the cylinder when 

*** Standard Methods for Sampling and Analysis of Creosote Oil ” fSeriai Designation; D 39-17) of 
the Am. Soe. Testing Materials, A. S. T. M. Standard* Adopted in 1917, 34. 
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the reading is taken» also that the surface of the liquid is free from froth or 
bubbles.* 

For converting specific gravity into degrees Baum6 and vice versa, the follow* 
ing formulae may be used : * 

For liquids lighter than water: 


"Baumi^ 


Sp.gr 


140 

ti07ti0“ F. 


-130 


Sp.gr. 60700“ F. 
For liquids heavier than water: 


140 

130+“Baum6‘ 


“Baum('' = 145 

Sp.gr 


145 

l)0‘’/00“ F. 


Sp.gr G0“/()0“ F. 


145 “ '"Uuuiiie 


Test 7b. Westphal Balance Method. Tlii.s i.s also adapted to testing fluid 
bituminous materials. The instrument as supplied by the inunufueturer (Fig. 164) 
is provided with a cylinder of alKiut .50 e.c. capacity, 
calibrated for use at (Kj^/OO® F. If the test is to lie 
made at 77® F, it is subject to the same correction 
as in the hydrometer method 

The Westphal balance may Ixi adapted for as 
little as 8 c c of the bituminous material, by using 
a special plummet, small enough to fit into a 10 c.c. 
cylinder. The plummet may be made from a piece 
of gli\88 tubing 7 mm. outside diameter, which is 
sealed at one end with a short platinum wire fused 
into the glass. Nine to ten grams of mercury are 
placed in the tube forming a column 35-40 mm. high. 

The tube is then cut off within 20 mm. of the top 
of the mercury column, and the open end sealed with 
a blow-pipe. This plummet should measure 55-410 
mm. over all, and weigh from 10 to 12 g. If a 
represents the weight of the plummet in air, b its Coiirt«iy of Elmer & Amend, 
weight in water at a definite temperature, and c its Fio. 154. — Westphal Balance, 
weight in the bituminous material at the Mune 

temperature, then the specific gravity of the bituminous material at this tem- 
c-a 

perature»- — .• 
b—a 

‘Bulletin No. 314, U. 8. Dept, of Agr . Wish, D. C., Dec. 10. 1016: "Ulxtratory Mtsuel of 
Bituminojii Meteriele.’’ by Prfvoet Hubberd, p. .10, N. Y., 191«: **8peci6c Orevity— it* Determio** 
tion for T*«, Oil* and Mtchee,” by J M. Weiae, J. Ind Bng Ckem , T, 21, 1015. 

» Circular No 19, Bure»u of 8Und»rd*, "SUndard Deneity end Volumetric Table*," Wa*h., 
D. C.. 1915; Circular No. 69 Bureau of Standard*. "U. 8. Standard Bauni4 Hydrometer Scalea," 
Waah., D. C., 1916 

‘"Standard Method* for .Sampling and AnalyiUof CraytoUi Oil" (Serial Dealgnation; D 38-17) ol 
the Am. Soc. Teating MctcriaU, A S. T M. Stcndard$ Ad^ptedin 19i7, 40. 
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Test 7c. Pycnometer or Specific-Gravity Bottle Method. Several forms of glaas 
bottles are used for this purpose, with a ground-glass stopper having a small verti- 
cal hole bored through to enable it to be completely filled with the bituminous 
material. These are made in various sizes. 

An improvised form which may be used to good advantage when a small quan- 
tity of liquid bituminous material is available, consists of a I c.c. pipette, and a glass 
tube sealed at one end, the inside diameter of which is slightly larger than the out- 
side diameter of the lower stem of the pipette. On using this instrument, the Iiijuid 
is first brought to a definite temperature, then sucked to the upjier mark of the 
pipette by means of a piece of rubber tubing temporarily attached to its upfier 
stem. The outside is carefully wiped dry and the lower stem inserted in the glass 
tube which serves to retain any liquid which may drain from the pi[x'tte. A small 
piece of wire twisted about the pi|)ette near the top is formed into a ring to hung 
it from the hook above a balance jian. The pijK'tte is thus supported in a verti- 
cal position and weighed.’ 

If a represents the weight of the pipette with glass tube empty, b its weight 
filled with water at a definite tenqierature, and c its weight filled with the bitumi- 
nous material at the same temiicrature, then the specific gravity may be calculated 
from the following formula: 

c-rt 

b-a 

It is customary to determine the s|X‘cific gravity of bituminous materials at 
7V/77^ F., although in special instances it is expressed at ()(l°/t)0® F., and in the 
case of creosote oil at lfK)°/()0® F. For converting the specific gravity of a sub- 
stance found at a higher tem[K*rature to the standard temjK^rature (lower), the 
following formula should be used: 

Sp.gr. Substance at ti/ti=Sp.gr. Substance at 
in which ti= the tenqjerature at which the si>ecific gravity of the substance was 
determined, 

ti= the temiwrature (lower) at which the sjieeific gravity of the substance 
is to Im* calculated, and 

If* the coefficient of expani.son, which is constant for the particular .substance 

If perchance the spt'cific gravity of the substance has been compared with that 
of water at a higher tcmiierature, then to convert it ro a lower temix*rature com- 
pared with water at the same temperature, the following formula should be used:’ 
Sp.gr. Substance at ti/<i=Sp.gr. Substance at <./tjXSp.gr. Water at 

In both of the aliove formulae, the following values may be taken apiiroximately 
for k, representing the coefficient of expansion per ° F. 


Creosote oil from coal tar 0.00044 

Residual oil 0.00040 

Coal tar 0.00038 

Coke-oven tar 0.00033 

Semi-solid asphalt 0 00030 

Semi-wdid coal-tar pitch 0 00030 


•"Specific Gravity— It« Determination for Tsra. Oils and Pitches," by J. M Weise, loc cit, 

* For the Specific gravity of water at varying temperatures, see Bureau of Standards, Circular 
No. 10, p. 43, Mar. 30, 1916. 
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The pycnometer method may also Ik* usetl for tinding the specific gravity of 
hard and brittle bituminous substances, includmfi hard asphalts of high fusing-point, 
asphaltites, asphaltic pyrobitumeiis, non-asphalt ic pyn)bitumens and pyrobituminoua 
shales. Approximately 3!) grams of the materi.al ground to Wl-mesh are carefully 
weighed and intnHluml into a 50-e c. pycnometer, with alnnit 30 ce. of distillwl 
water. A v(rtical condensing bulb is attached to the pyciuuneter with a siiiali 
section of rubl)er tubing, the ojKMi end Isang connected with an ns|)iralor to main- 
tain a partial vacuum. The pycnometer is then boileil on a water bcth to exjx*! 
all the air from th(‘ samjile. The inside of the condensing IuIk* is then W'nshod 
back into the pycnometer, which is e(H)led t(t the desired temperature, stoppered, 
filh'd to the mark with water at the same tem|K‘raturt' and weighed. The specific 
gravity may then be calculatxnl from th<* following forumla: 

(c-o) 

- (f/- r) 

Where a rcpresent.s the weight of tlie pycnometer empty, b its weight filled with 
water, c its weight containing the bituminous substance, and d its weight containing 
the liitummous sulistamv also filled to th<* mark with water ' 

Test 7d. Sommer Hydrometer Method. 'Phis methixl is adapted to readily 
fusible .s('nii-solid to solid bituminous substanc<‘s 'Phe nfiparatus is illustratiKl in 
Fig. 155 and coiM.sts of tin* small metal cup a holding exactly 10 cc., a sleeve h 
threaded on the inside so that it may Ik* attached to the top of the cup, the cover 
f and the threaded flange d 1'hc cup with the .sleeve screwed in place is filled 
with the melted bituminous .substance, and heated a short time slightly almve its 
fiismg-[K)inl to relciLsc any air bubbles or traces of moistun* 1'he cup is then 
allowed t<^ cool to 77® F, and the sleeve unscrewed If the bituminous mnlenal 
is hard, the .sleeve should first Ik* warmcil with a Bunsen burner The bituminous 
material extending over the cup is cut off and levelled with a hot knife, the cover 
and flange fiustenod in place, and the K|K*cific gravity determined by sus|)ending 
the cup from the sfiecial hydrometer illustrated 'Phe s|K'cific gravity is read directly 
and i.s accurate to the third decimal place ’ 

Test 7e. Hubbard Pycnometer Method. This method is similarly adapted to 
scrni-solid or .solid bituminous materials melting under the infliK'nei* of heat The 
pycnomet(*r is illustrated in Fig 15fi {A and li) which shows two ajiproved forms. 
It consists of a fairly heavy straight-walkal gla.ss tuls*, 70 mm. long and 22 rnin. 
in diameter, having a neck ground to remvc a gla-ss stopjK r provided with a vertical 
ojiening running through its entire length, having a mark etched to indicate a rapa- 
city of 21-25 cc The bituminous material is melted and carefully poured into the 
dry pycnometer filling it about half full After rcHihng to 77® F it is weighed, 
then filled with water to the mark and reweighed Hie sixTifie gravity may !» 
calculated from the formula given under le.st 7c (procedure for testing solid bitu- 
minous materials).* 

‘"MpthmlB of Analyxing Coal and Coke." Technical Paper No. 8, Bureau of Minet, Waah , 
D C. p .37, 1013 

*‘‘A New Method and Apparatus for the Delerrt.inafion of the HpeHfir Gravity of Semi-a^dld 
Subfltanrea,’' bj’ Alliert .Oommer, Pror Am Sor Tr»hnp MnftrtaJ*, f, fl02, 1909 

‘Bulletin No 314, U 8 Dept of Agrirulture. Wash. D C . p *». " Laborat^iry Manual of 
Bituminous Materials.” by Hubbard, p 34, 1916, ‘■Metho<ls for Testing ( osl iars and Hrflnad 
Tars. Oils and Pitches Derived Then-from." by 8. H Church. J. Ind. Eng. Chrm , I, m, l»Ui 
6. 195. 1913. 
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Tftit 7f. Weiss* Specific Gravity Pan Method. This method is lx)th rapid 
and convenient, being adapted principally to semi-solid or solid bituminous products. 
The pan as illustrated in Fig. 167 is made of platinum or nickel and weighs about 
7 grams. Its dimensions are as follows: diameter of base 20 mm , diameter of top 



Courtcey of Eiiiier & Amend. From .\ S T M Standards. 

Fig, 155. — Sommer Hydrometer. Fig. 157.— Weiss Specific Gravity Pan. 

25 mm., depth 12 ram., diameter of wire 1 mm. The melted bituminous material 
is poured into the pan without taking particular rare to fill it to any prescribed 
point. It is fastened to a waxed silk thread, weighed in air and then in water at 
77* F., by suspending it from the arm of a balance. The specific gravity may be 
calculated in the following formula: 


(c-a) 

(6+c)-(o-}-d)’ 
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Where a represents the weight of the pan in air. b its weight in wafer, c ifs weight 
plus the bituminous sulwtanee in air, and d its weight plus the bituminous material 
m water. 

The pan may lie readily cleaned after the test by warming it over a burner 
and pouring out as much of the bituminous substame as |) 08 sible, then removing 
the bali^nce with a solvent, and fmally igniting it.‘ , 

Test 8. Viscosity. This tost is of value' in dotennining tlu* adap- 
tability of tlu' bituminous substanoo for a given pur|'M)S(‘, for gauging 
the uniformity of supply and for factory control work. It is used 
particulariy for examining litpiid to .si'ini-licpiid siibslanees for road pur- 
poses, and may also be usc'd to good advantage for predetermining the 
aliility of sc'ini-.solid suhstanees to saturate' fahries at elevated temix'ra- 
tures. 

Test 8a. Engler Method. The Fngler viscosimeter i.s illuslnited in Fig HW, 
consisting of ti cNiindrical vcsx‘1 a, 10r» (i mm m diameter, with u cover 6 and ti 
conve.x iwltom, o|KMiing into a platmum- 
lined tulx> r, 20 mm long, 2 9 mm in 
diameter at the top, and 2H mm. at the 
Ijottom 'Phe orifice may be ojK'ned or 
closed with tlie u(HHlcn plunger d Metal 
projw'tions are fa.slcnrd to the in''ide of (he 
ves.sel 2.') mm from the lowest |M)rti(ui (►f 
the cylimineal skUmnjiIIs and .‘52 mm from 
the up|)er ofiening of the orifice d'lie-w* sTve 
to control the volume of bituminous h«|Ui(l 
introduced, which amount.s to exactly 210 c c 
The bituminou.s material Is maintained at 
any do.sired tomfxTaturc liy the heating- 
])ath consisting of water, glyccnneor cotton- 
.‘secd oil in the cylindrical jacket /, hcate<l 
l)\ the nng-burncr //, ami the tem|x*rature 
recorded by tlic rhcrmomet<’r c The out- 
flow of 2fX) e e. of distilled water at tiS" F. 

IS carefully nb.serve<l If the appamtu.s has 
l)cen constructed projierly, tliLs will recpiire 
50 !)2 seconds. 

The bituminous material is ordinarily tested at 77” F. (25” C.), 172” F. (60” C.), 
or 212® F. (ICX)” C.) depending upon its consistency. The viscosimeter is filled to 
the top of the points with bituminous material, brought to the required temperature, 
and the time noted for 200, 100, 50 or 20 c.c. to flow through the orifice. If 100 
c.c. are allowed to flow through the instrument, the reading should be multiplied 
by 2.35 to calculate the time of flow for 200 c.c. If 50 c.c, are allowed to flow 
through, the reading should be multiplied by 6, and with 20 c.c. by 11.96 to obtain 
the time of flow for 200 c.c. These factors are cfjnstant. T*he specific viscoaty at 

' ■* Specific Gravity— It* Det«rmin»tion for T*ra. Oil* and Pitche*," by J M. Weia*. J. Jnd. 
Kno. Chem, 7. 26. 1015; Am Sm Ttding MatenaU, SUtndardi, p. 41. 1017. 
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t"F. compared with water at 6S° F. is equal to the number of seconds for 200 
c.c. of the substance to pass through at t" F. divided by the seconds for 200 ^.c. 
of water to pass through at 6H'’ F. Tables have been worked out showing the 
factor to Imj used when the apparatus is filled with smaller volumes of liquid, allow- 
ing different amounts to flow through.* 

Test 8b. Hutchinson’s Tar Tester. This is illustrated in Fig. l.’iO. It was 
invented by John Hutchinson * and consists of a rnetal spindle 9 in long over all, 
bearing a conieal-8ha|)ed disc (F) 2 in. in diameter midway between the ends, with a 
plumb-shajied weight fastened to its lower end. The instrument is supplied with 





9 




Fio. I.*)!). -Hutchin- 
son’s 'I'ar 'rester. 



From A. S T M Proc. 
Fio. 100 -Hubbard’s 
Consistency 'Pester. 


three poises (/)) to lie used with tars of different I'onsistency or gravity. The spindle 
bears two rings {A) and (H), 2 m. apart. 

The test is conducted by plaiang the bituminous material in a cylinder at least 
9 in. high and 4 in. m diameter, filled to J in. of the top. The bituminous material 
is brought to exactly 77® F., the tester introduced, and the time noted for the 
spindle to sink from a to h. Poise No. 1 is recommended for tars having a specific 
gravity of 1. 170-1. lOfi, No. 2 from 1.195-1.215, and No. 3 from 1.215-1.240. 
The poises do not conform to standard weights or dimensions, and the instrument 
should not therefore lie regarded as a strictly scientific one. It is used extensively 
in England.* 

Test 8c, Hubbard’s Consistency Tester. This is an improvement over the 
Hutchinson Tar Tester, and is illustrated in Fig. 160. It is composed of a cir- 
cular ahiminiuni disc ^4 fastened to a narrow aluminium rod B, also to a hollow alumi- 
nium rod C’, of greater diameter, the upper end being made solid except a small 

•BuUetin No .314, IT. s Dept, of Aitrirulture. Waoh.. D C.. p, 7, 1916; ” Unterauchung der 
KohlonwMWrttoffdle imd Fettc,” by D. Holde, Berlin, p. 136, 1913. 

*Enf. Pat. No 22,042 of I9li. 

• "A New English Tar Twter." (food Road», 9. 337, 1912. 
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hole, large enough to allow the entry of the rod li, which is turn is threaded at the 
bottom and screwed into a conical aluiuiniuin weiglit 1) having a 0.)875 in. taper. 
The disc A carries 2 holes 0.04 in. in diameter, placetl at opposite sides, 0.145 in. 
from the centre. The upjier end of the rod H carries two scale markings, one 0.25 
in., and the other 1 25 in. alswethe disc A The bottom of the rod H is filled with 
lend dust until the instrument weighs exactly 28 g The bituminous substance is 
first brought to 77® F. and mtriKluwd into a jacketed cylinder, with a hemi-spheri- 
cal l)ottorn, 3J in. deep, and 2 in in diameter The tester is then introduced, 
recording the tune required to sink Indow the surfat^e of the bituminous material 
from the lower to the upper marking on the rotl li. 

.\ fairly constant ratio is claimed to exist lictween the results obtaine<l with 
this tester and the Kngler viscosity (le., rntnalucing 240 c.c into the instrument 
and noting the tune of flow in 8cc<mds at 77° F for 50 o.c. of the bituminous 



material, divided by the time for .">0 c e. of water). An Engler viscosity of 60 
corresponds to approximately 2 si'conds on the Hubbard instni merit, an Engler 
viscosity of 120 to apiiroximatcly 4 seconds, and the Engler viscosity of 240 to 
approximately 8 seconds at 77° F ' 

Test 8d. Float Test. 'lYii.s instrument is used largely for testing the viscosity 
or eon.sistency cf scmi-sohd bifuniinou.s materials used for road purposes. The 
range of the float test is limited, and it cannot l»c used with very fluid bituminous 
materials or with hard solids It accordingly fills the gap between the F^ngler 
viscosimeter and the Hubbard consistency tester on one hand, and the needle 
penetrometer and consistometer on the other. The test is not affected by the pres- 
ence of finely divided mineral matter or free carbon 

The instrument is illu.strated in Fig. 161. It consi-sts of two parts, viz.: an 
aluminium saurer-slia{)ed float, and a conicjil brass exdlar together weighing 60 g. 

•"A New Consistency Tester for Viscous Liquid Kiturninous Msterials, ” hy Provost Hubbard 
sod F. P Pritchard, Pror Am >V Tfitintj Matmalt, 17, fjO,'i, iai7 
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togcthcc. The brasH collar is filled with melted bituminous material upon placing 
it against a brass plate, the surface of whi(;h has been amalgamated by treatment 
with a dilute solution of mercuric chloride and then with mercury. After cooling, 
it is levelled, placed in water at 41“ F. for 15-30 minutes along with the aluminium 
float, and then screwed into the float and immediately floated with the brass collar 
downward on the surface of water warmed to the desired tiunperature. No standanl 
temperature has l)cen adopted for making this test, although 90° F. is recommended 
as the tnost satisfactory in testing road binders, for which the instrument is intended. 
Very soft materials are tested at 32° F., and harder bituminous substances at 122° F. 
or 1.50° F. 

As the heat is transmitted through the brass collar into the plug of bituminous 
material, the latter softens until it is forced upward and out of the collar by the 
weight of the instrument. The time elapsing between 
the placing of the float on the surface of the water, 
and when the water breaks through the plug is taken 
as a measure of the viscosity of the material under 
examination The author has also found the float test 
of value for testing bitmuinous substances at a tem- 
perature exactly 50° F. highi'r than the fusing-point 
by the B. and R. method, thereby furnishing a criterion 
of the susceptibility to temperature changes (see p. 
51)1), also a means of distinguishing between blown 
and residual asphalts (p. 293).* 

Test 8e. Schutte Consistency Tester. This instni- 
mciu, as illustrated in Fig 162, operates similarly to 
the float tester, with the dilTerencc, however, that the 
pressuri' is applied by a column of water above the 
plug of pitch. The melted bituminou.s material is first 
(’((iirfrsy of A fl. Thonian ('<> introduced into a brass collar 1 in. high and | in. in 
Fiu. 1(12 -Schutte Viscosity diameter. T^iis is placed in water at the required 
Tester. temperature fo^ at least 10 minuti's, and then screwed 

into the tube (101 •*>■ long)- The apparatus is immersed 
in water maintained at the required temperature so the water level just covers the 
lower shoulder of the tube, which is then completely filled with water at the given 
temperature, and the time interval recorded between the filling of the tulie and the 
dis[)lacement of the plug of bituminous material at the bottom. Check testa are 
said to agree within 5 seconds.* 

Test 9. Hardness or Consistency. This constitutes one of the most 
important tests for examining bituminous materials, and is employed 
for purposes of identification, considered either alone or in conjunction 
with the fusing-point; for determining the adaptability of bituminous 
materials in connection with certain proposed uses; for gauging the 

‘"ControUIng the Consietency of Bituminoua Binders," by C N. Forrest, Eng Rec , it, 584. 
1909, J. jnd. Bng Chem , 1 , 378, 1909, "Tmtiuivc Methods for .Annljsis of Croo.«otp Oil” (Serial 
De-^ignation- D 18-17 T) of the. Vm Soc Testing Materials .4 S T. M TenUitite Slamlard^, proposed 
in lift 7, Pror Am Soc resting .}fateruils, 17, Vol I, 820, 1917 

•"Methods for TesUng Coal Tar and Refiner! Tare. Oils and Pitches Derived Therefrom." 
a R. Church, J. Ind Eng. Chem , S. 229, 191 1 
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uniformity of supply; and for purposes of factory control. The Moh a 
hardness scale is intended for the hardest bituminous materials, whereas 
the needle ix'netrometer and the consist ometer have a range of usefub 
ness from semi-solids to moderately hard solids. 

Test 9a. Mob’s Hardness Scale. Tins to.st has long IxH'n uwkI for n^rording 
tho liardiu'ss of minerals l»y comparing Ihcir rcsistana* to abrasion with 8iil)atan<'C« 
of known hardness. 'IVn minerals arc used in a graduated scale of units, vis : 
(Ij talc, (2j gyj).''Um, (3) calcitc, (4) iluontt', (ti) apatite, (ti) orthoclasi', (7) quartz, 
(S) topaz, (9) sapphire and (10) diamond. A |M>inted fragment of the standard 
mineral is moved back and forth .st'veral tunes on tlie .sune line, a short ilistanee 
aero.s.s the surface of the bituminous material under te.st if the bituminous matciu.l 
IS not scratched, it. is harder than the mineral uschI, whereas if it is scratched, it 
may Ik* either softer or of the wune hardne.ss a.s tla* standard mineral. If it is of 
the .same hardiK'.s.*^, it will in turn scratch the surface of the standanl mineral 
but if it IS softer, it will have no effect 'I'he first four standard minerals are um*<I 
for this purpose, as tlie harde.st bituminous matciials ent'ountered usually do not 
test higher than I on .Moll's scale 

Test 9b. Needle Penetrometer. 'I'lii.s wa.s originally devised by H (’ Howen 
111 ISHS ‘ This first crude m^trument was further improved by A \V. Dow.* The 
Dow penetrometer a.s simplified in con.struction by Hichardson and Forrest rejire* 
sents till* ty|K' in u.<e to-ilay,^ both forms o|K*rating on the same principle and giving 
tla* same readings 

The Hiclianbon-Forrest improveil |K*netrometer is illustrated in I'ig Ib.'l The 
base A may Ik- levelh'd by the thumb screws 1{, and is attached to the standard T’ 
and also the platmi I), winch by means of a screw -.shank raiM*« or lowers the revolv- 
ing di.se K, on which is placed the sample of bituminous material to Ik* tested. I'he 
.standard (’ cairies a bracki't F adjustable a.s to eh'vation by tt thumb-screw', 
also the bracket b’, which on the back carries the clock-work If timing the duration 
of the test by lialf-.secfnid lK*ats, and on the fr«»nt the dial ,/ divided into illK) degrees, 
with the hand K, marking the numlK'r of degrees, each of which reprewnts one-tenth 
millimeter of jH iK'tration measunal by rack on sliding gauge b, engaging in pinion 
on the .shaft which actuates the hand K I'he lM>velledH*dge mirror N adjustable 
through imivensal joints, serves to reflect light on the sample under t<*st. The 
fihmger () acts as a brake, which holds the nisslle bar, repn*sentmg a weight of 
■W g together with the siipermcumlH*nt weight m jdace, until jiresseil iriwanl, 
which movement permits the iKS'dle ami weight to act ufKm test-block without 
friction, and is cu.'^ily oiK*rated by grasping the lionis Q between tw'o fingers and 

'.S’ nj M Quart, ,ly, 10, 207. IS.Vl. V S I'al 40-I.074 of Apr 4, ISM to H C’ nowcii; 
" Report of the Operations of the EnRiriecr Department of the District of Colunihia," p 100, for 
l.Ssa no. also article l)\ CIifTont Itlrhanlsoii in f’.'rit/ Ricord of Oct .'II, ISlU 

Report of the EnKineer Dept, of the District of roliuiihit, for year ending June .‘10, 1K98,” 
P 127, " iteport of the Inspector of Asphalt ami Cement of the Distrift of Columbia f(.r the year 
ending June .'|0, 1901," p RW, by A W Dow, "Testing of Ilitumens for Raving Piirpoiea," by 
A VV, Dow, Pror Am Sor Te„t\,iQ Mnimnit, S, .'RM, IWJ.'i. "Relation l>etaeen Konie Physical 
Properties of Bitumens and Oils," by A W Dow, Pt(,c Am Sor Triding Matmalt, I, 497, 1000, 

*"The Development of (he Pert#1ron eter as I se<l in the Deferminatiori of the Conaiatency 
of Semi-Solid Bitunera," by Clifford Ricbardaon ai.d C N Forreat, Pror Am Sor Tnhttg 
Mnlrnah, 7. 020, 1907, "A Further Development of the Penetrometer aa I'aed in the Determina- 
tion of the Corsiatcncy of .‘•'enu-Solid Bitumens," by C. N. Furreatt Proc. Am. 8oc, Tuttng 
Material, 9. GfKJ. 1909 
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pressing, the hrake-hea<l 0 with the thumb. M represents a weight of predeter- 
mined capacity, cither 50 or 150 g. A form of penetrometer operated by an elec- 
trical timing device has also been constructed.* A miniature penetrometer for 
portable use is illustrated in f’ig. 1G4. 

Careful investigations have Ijeen made as to the diameter of the holder for the 
bituminous material;* the method of preparing the specimen;* the size and shape 
of the needle;* alsfj other variable factors.* As a result of these, the following stand- 
ard test has been adopted.* 



Cdiirtosv of Howard & Morse 

Fig. l()3.~Penetromcter. 



Courtesy of Howard & Morse 

Fig. 164.— Miniature Penetrometer. 


“ Penetration is defined as the consistency of a bituminous material, C-xpres-sed 
as the distance tliat a standard needle vertically ixuietrates a sample of the material 
under known coiuhtions of loading, time and temjx* rat lire. ’W'here the condition.s 
of test arc not sirecifieally mentioned, the load, time and tem^Tcrature are under- 

' U. S. Pat. 512,(587 of Jan 16, 1894 to A. W. Dow and T. R Griffith. H. W. Mahr, J. Ind. 
Kng. Chfm , 6 , 133, 1914. 

‘"Effect of Diameter of Bitumen Holder on the Penetration Test," by C. S Reeve, Proc.lnt 
Atsoc. le»ttrig Matrnalt, Sixth Congress, N. Y, XXV- 3, 1912. 

*Proe. Am. Soc. Tnhno Mater, (d», 19, Part I, 306. 1916; "Revised Standard Test for Pene- 
tration of Bituminous Materials," by L. W. Page. Chem Eng Manuf , 24, 32, 1918. 

* A New Penetration Needle for Use in Testing Bituminous Materials," by C. S. Ree\e and 
F. P. Pritchard, J. Agnc. Research, », 1121. 1916 

• Effect of Controllable Variables on the Penetration Test tor Asphalts and Asphalt Cements," 
by Provost Hubbard and F. P. Pritchard. J. Agnc. Eetearefi, 8 , 805, 1916 

* " Standard Test for Penetration of Bituminous Materials” (Serial Designation: D 5-16), A. iS'. T. M. 
Standarde Adopted ,n 1916, 530. 
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stood to be 100 g., 5 seconds and 77“ F. n‘8{X‘etively, and the units of })eiiefration 
to indicate hundredths of a centimeter. 

‘‘The container for holding the material to lie tesUnl .shall be a tiat-lKittom cyl- 
indrical dush, 55 mm. (2jV in.) m diameter and 35 mm. (Ij in.) deep. The 
needle for this test shall 1 k' a cylindrical stw'l real 50.S mm. (2 in.) long, having a 
diameter of 1.016 mm. (0.04 in) and turncil on one end to a sharp point having a 
taper of 6 35 mm. (i in.). The water bath .shall Ik* maintained at a temiji*mture 
not varying more than 0.2“ F. from 77* F. The volume of water .shall not Ik* less 
than 10 litres, and the Siimple shall l>c immers(‘d to a depth of not less than 
10 cm. (1 m.) and shall Ik* supjxirted on a jH'rforated shelf «)f not less than 
5 cm (2 in ) from the iKittom of the bath. Any apparatus which will allow the 
needle to iK'netrate w’lthout apiireciable friction and which is accurately valibrated 
to yield results in accordance with the definition of |K*netration, will Ik* aci'cptable. 
'file transfer-<lish for container shall Ik* a small di.sh or tray of mich capacity as 
will insim* complete immersion of the contaiiu*r during the test. It shall Ik* pro- 
vided with .some means which will insun* a linn lK*aring and jirevent rocking of the 
container. 

'flic sample shall be comph'ti'ly melfi*d at the lowest |H>.ssible temperature ami 
stirred thoroughly until it is homogeneous and free f.'’om :ur bubbles, it shall then 
be jiourcd into tin* ."ample container to a depth of not h*."" than 15 mm. (» m ) 'I'he 
.simple shall be jirotected from dust and alloweil to cool m an atmo.sphere not lower 
than th^"' F. for I hour It ."hall then be placed in the water bath along with tin* 
transfer di"h and allowetl to n*main 1 hour 

" In making the test, the sample .shall Ik* placed in the tran.sf(*r dish, filled with 
water from the water bath at suf!ici<*nt depth to completely covi'r the container 
'flu* transfer dish contnimng the sample .shall then Ik* plac<*d ujKin tlu* stand of tlu* 
jK'iietration machine. The needle, loaded with siK*cificd w«*ight, shall Ik* adjusted 
to make contact with the surface of the sample This may be ac(*omplished by 
making contact of the actual nccdle-|K>int with the image n*fU*cted by the* surface 
of till* sample from a j)ro|x*rly placed source of light. Fither the n'inling of the 
dial shall then Ik* noted, or the needle brought to zero The needle is then releiwi'd 
for the s|)ecifiial |K*ri(Ki of time, after whi<*h the jK*n(*tration machine is adjusted to 
measure the dwtance j)enetrat(*d. 

“At lea.st thr(*<' tests shall br maiic at |M)ints on the surface of the sam|)le not less 
than 1 cm ( in ) from the side of the container, ami not less than 1 cm. apart. 
After each test the .sample and tran.sfer dish are returned to the water bath and the 
needle .shall be carefully wi|M>d toward its |M)int with a clean dry cloth to remove all 
adhering bituminous matter, d’he reported |M’nelrala»n shall Ik* the average of at 
least three test.s whose values shall not differ nmre than 4 iKunts betwi*<*n maximum 
and minimum. When desirable to vary the tcm|K*ratun*, time and weight, and to 
provide for uniform method or rejMirting results when such variations are made, 
the .sample,s shall lx* melted and cm>lc<l in air as alnive ilirerted. They shall then be 
immersed in water or brim*, as the casi* may require, for I hour at the temjjerature 
desired. The following combinations an* suggested: 

32“ F.; ‘200 g. weight; OOaeconds, 

77° F.; 100 g.' weight; 5 accKjnda,* 

115° F.; 50 g. weight ; 5 seconds,’’ 

' Inserted by author. Not included in the printed incthod pubiuhed by the Am. 8oc. Teiting 
Materials 
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The principal Bhorteoming of the needle penetrometer Is the fact that the read- 
ings at varioas temperatures (115, 77, and 32® F. resjx?ctivc]y) must be expressed 
on different scaJes, and are therefore not comparable. It is difficult and in many 
cases impossible to interpret the extent of the physical change from the range in 
readings, upon subjecting a bituminous substance to variations in temperature. 
In addition, the scope of the penetrometer is limited, as it will not answer for cither 
semi-liquid or hard bituminous materials. These objections are overcome in the 
consistometer. 

Test 9c. Consistometer. This instrument is constructed according to scientific 
principles, and may accurately be duplicated at any time. It registers the degrees 
hardness on a scale ranging from 0 to KM), and is suitable for determining the hard- 
ness of substances as soft as vaseline (which will test 0,3 at 77° h\) to sub- 
stances as hard as gilsonite (testing in the neighborhood of 100 at 77® F.). In 
all cases, the hardness or consistency is expressed as the cube root of the number 
of grams which must be applied to a circular flat surface 1 sq.cm. (100 sq.mm.) 
in area, to ^use it to displace the substance at a speed of 1 cm. per minute. 
Readings for all bituminous substances and at all temperatures (whether 115, 77 
or 32® F.) are expressed on a single scale. The harder the substance, the greater 
will be its hardness expressed numerically. 

Four mushroom-shaped plungers are used, each having a round flat head with 
a reduced shank, so the perimeter of the penetrating surface forms a “ knife ” edge. 
This entirely eliminates the fractional adhesion of the bituminous substance to the 
sides of the plungers. The flat heads of the plungers arc made in the following 
dimensions: 


I’liinK*T 

Diameter lu mrn 

Area in sij mm 

No 1 .. 

1 13 

1 

No. 10 

3 57 

10 

No. 1(K) 

11 28 

100 

No 1000 

35.67 

1000 


The method of testing consists in forcing one of the plungers into the substance 
at a uniform speed of 1 cm. per minute. The force is automatically registered in 
grams or kilograms. For any plastic substance, the number of grams required to 
effect this displacement is directly proiiortional to the volume di.splaced. The vol- 
umes displaced per minute by the res|)ective plungers arc 0.1, 0.10, I 00 and 10.0 c.c. 
resi>ectively. The relation between the plungers is therefore in the direct propor- 
tion of 1:10:100:1000. 

For the sake of uniformity, all readings are expressed in terms of the numlier of 
grams applied to plunger No. 100 (1 sq.cm.). In other words, the readings obtained 
with plunger No. 1000 arc divided by 10, those obtained with plunger No. 10 are 
multiplied by 10, and those obtained with plunger No. 1 are multiplied by 100. 
The hardness or consistency is equal to the cube root of this number of grams. 

Two interchangeable springs are supplied, one registering in grams on a scale 
ranging 0 to 1000 g., in 10 g. divisions, and the other for rending in kilograms (m a 
scale ranging from 0 to 10 kgs., in 0.1 kg. divisions. In using plungers No. 1 
and No. 10, the kilogram spring only should be employed. In using plunger No. 
100 cither the gram or the kilogram spring may he employed, depending upon the 
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hardnGis of the material. In iLsiiiK plunder No. lOOt), the gram spring ottlg sliould 
be etnpioyetl. The relations are evpro'^seil m the following table: 



1 

1 

.Kctviftl 

HeulhtiK 

Convert i‘ 1 

('ul»e lliHit gr«mii 

Plungi'f 

Spring 

to grum** iM-r 100 

Appliivi 100 



aq mm Plunger 

at] titin Plunger. 

1000 iq.mm 

G 

1 Kroiik 10 K 

I 

r (K) 


1 to KKM) g 

100 

4.04 


f G 

1 From too g 

100 

4 04 

too aq mm . . 

1 to KKKI K 

1.000 

10 (X) 

1 


1 Kg 

/ Fnoii I 0 kga 

1.000 

10 0 


1 to 10 0 kgs 

10,000 

1^1 fi 

10 •<! mm 

Kg 

1 From I 0 kg 

lO.OtK) 

21 6 

1 to JO 0 kga 

100.000 

40 4 

1 tq rom 

Kk 

j From 1 0 kg 

10 

40 4 

\ to 10 0 kgs 

1,0 KI.IMN) 

IlK) 0 


Table XXXVl ^liow.s the relation belwirn (he <• 011 - 
sistoineter reading.s and degrees hardne.ss, liearing in mind 
that m every case the hardness is designated as the eiils' 
root of the number of grains applii'd to the No 100 plunger 
(area 100 .sq.mm.), to cause it to displace the sulwtance 
at a speed of I cm. per minute. 

The consistometer is illustrated in Fig. 165. It is first 
levelled by the four screws A. The spring H then 
attached, selecting the gram spring for soft substances, 
or the kilogram spring for hard substaiures. The steel 

shaft (' IS inserted and screwed firmly into place. The 
plunger I) should then lie screwed into the lower end of 
the shaft. Plunger No. 1 is used for hard and brittle 

substances, plunger No. 10 for moderately hard solid 

substances, plunger No. 100 for moderately soft semi- 

solid substances, and plunger No. 1000 for semi-liquid 
substances. 

The scale E is graduated in grams on one side, and 
kilograms on the other, and is reversible. It should be 
attached so that the graduations will correspond with 
the spring used, and adjusted so the indicator F will rest 
at the 0 division. The maximum indicator G is also 
brought to the 0 division using the small instrument //. 

The bituminous substance is melted at the lowest 
possible temperature and poured into a small receptacle 
ns described for the needle penetration methixl. The tin 
lx)x J containing the bituminous substance is then sup- 
ported underneath the machine in a vessel of water (not 
shown) maintained at the temperature at which the test 
is to be performed. The pressure is applied to the plunger 
by turning the hand-wheel 0, and the speed of displacement 
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TABLE XXXVI 

FOR CONVERTING CONSISTOMETER READINGS INTO POINTS HARDNESS 
PuJNOBR No. 1000 (1000 «Q MM )— Gram Sprino, 


Qranu 

Applied 

0 

10 

20 

30 

40 

50 

GO 

70 

80 

90 

0 

Of 00 

1 

00 

1 26 

1 

,44 

1 

59 

1 

71 

1 

82 

1 

91 

2 

00 

2 

08 

100 

2 15 

2 

22 

2 29 

2 

35 

2 

41 

2 

47 

2 

52 

2 

57 

2 

62 

2 

67 

200 

2 71 

2 

76 

2 80 

2 

84 

2 

88 

2 

92 

2 

96 

3 

00 

3 

01 

3 

07 

3(H) 

3 11 

3 

14 

3 17 

3 

21 

3 

24 

3 

27 

3 

30 

3 

33 

3 

,36 

3 

39 

400 

3 42 

3 

45 

3 48 

3 

50 

3 

53 

3 

56 

3 

58 

3 

61 

3 

63 

3 

66 

500 

3 (W 

3 

71 

3 73 

3 

76 

3 

78 

3 

80 

3 

83 

3 

85 

3 

87 

3 

89 

600 

3 91 

3 

94 

3 96 

3 

08 

4 

(K) 

4 

02 

4 

01 

4 

06 

4 

08 

4 

10 

700 

4 12 

4 

14 

4 16 

4 

18 

4 

20 

4 

22 

4 

24 

4 

25 

4 

27 

4 

29 

800 

4 31 

4 

33 

4 34 

4 

36 

4 

38 

4 

40 

4 

41 

4 

43 

4 

15 

4 

46 

900 

4 4S 

4 

50 

1 51 

4 

53 

1 

55 

4 

56 

1 

58 

1 1 

50 

1 

61 

1 

63 




PH'NOhR 

No 

100 

(100 

~ 

By 

MM ) 

-Gram Sruiso 






100 

4 64 

1 

79 1 

4 03 

5 

07 


19 

~T 

31 

5 

43 

5 

54 

~T 

65 

5 

75 

200 

5 H5 

5 91 

(1 04 

6 

13 

6 

21 

6 

30 

6 

38 

6 

46 i 

6 

54 

6 

62 

300 

6 69 

6 

77 

0 84 

6 

91 

6 

98 

7 

05 

7 

11 

7 

18 

7 

24 

7 

31 

400 

7 37 

7 

43 

7 49 

7 

55 

7 

61 

7 

66 

7 

72 

7 

775 

7 

83 

7 

88 

m 

7 04 

7 

99 

8 01 

8 

09 

8 

14 

8 

19 

8 

21 

•X 

29 

8 

34 

8 

39 

600 

8 43 

8 

48 

8 53 

8 

57 

8 

l>2 

8 

66 

8 

71 

s 

75 

8 

79 

8 

81 

700 

8 88 

8 92 

8 96 

0 

00 

9 

045 
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09 
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13 

9 

17 j 

9 

21 

9 

21 

HOO 

9 28 

9 

32 

9 36 

9 

10 

9 

11 

0 

47 

9 

51 

9 

r)r) 

9 

58 

9 

(•2 

000 

9 65 

9 

69 

0 73 

9 

76 

9 

86 

9 

83 

0 

86 

0 

00 

9 

93 

9 

97 


Pl.iiNnKH No 100 (100 HO MM I- Kii.o Si’itivo 


KI)N 

0 0 

0 1 

0 2 

0 3 

o'l j 

0 5 1 

0 6 

0 7 

0 S 

0 9 

A|>pII(m1 











I 0 

10 0 

10 3 

11) 6 

10 9 

II 2 

11 4 

11 7 

11 9 

12 2 

12 4 

2 0 

12 6 

12 8 

13 0 

13 2 

13 4 

13 6 

13 75 

13 9 

14 1 

11 3 

3 0 

14 4 

14 6 

II 7 

14 9 

15 0 

15 2 

15 3 

15 5 

15 6 

15 7 
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15 0 

16 0 

16 1 

16 3 

16 4 

16 5 , 

16 6 

16 75 

16 9 

17 0 

5 0 

17 1 

1 17 2 

17 3 

17 1 

17 5 

17 65 

17 8 

17 9 

18 (1 

18 1 

6 0 

18 2 

18 3 

IS 4 

18 5 

18 6 

18 7 

1.H 8 

18 85 

18 9.5 

19 0 

7 0 

19 1 

19 2 

19 3 

19 1 

19 5 

19 6 

19 7 

19 75 

19 S 

19 9 

8 0 

20 0 

20 1 

20 2 

20 25 

20 3 

20 1 

; 20 5 

20 6 

20 65 

20 7 

9 0 

20 S 

20 9 

20 95 

21 0 

21 1 

21 2 

1 21 25 

21 .1 

21 1 

21 5 




Pl.t N<iKR N«» 10 

(10 BO MM 1- Kit. 

1) .8|'ItlS«l 




1 0 

21 5 

22 2 

22 9 

23 5 

21 1 

24 7 

2.*) 2 

2.5 7 

26 2 

26 7 

2 0 

27 1 

27 6 

28 0 

28 4 

28 8 

29 2 

29 6 

30 (I 
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3 0 

31 1 
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32 1 
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32 7 j 
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4 0 

34 2 

34 5 

34 8 

35 0 

35 3 

35 6 

35 8 

36 1 

36 3 

36 6 

5 0 

36 S 

37 1 

37.3 

37 6 

37 8 

38 0 

38 3 

38 5 

38 7 

38 9 

6 0 

39 1 

39 4 

39 6 

39 H 

40 0 

40 2 

40 4 

40 0 

40 8 

41 0 

7.0 

41 2 

41 1 

41 6 

41 8 

42 0 

42 2 

42 4 

42 .5 

42 7 

42 9 

8 0 

43 1 

43 3 

n 4 

43 6 

43 8 

44 0 

44 1 

44 3 

41 .5 

44 6 

0 0 

44 8 

45 0 

15 1 

45 3 

45 5 

45 6 

45 8 

45 9 

46 1 

46 3 




Plonoeh No I 

(1 BM MM.)— -Kuxj SpRIV« 




1 0 

46 4 

47 9 

49 3 

50 7 

51 9 

53 1 

54 3 

55 4 

56 5 

57 5 

2.0 

58 5 

59 4 

00 4 

61 3 

02 1 

63 0 

63 8 

64 6 

65 4 

66 2 

3 0 

66 9 

67.7 

68 4 

69 1 

69 8 

70 5 

71.1 

71 8 

72 4 

73 1 

4 0 

73 7 

74.3 

74 9 

75 5 

76 1 

76 6 

77 2 

77 75 

78 3 

78 8 

5 0 

79.4 

79 9 

80.4 

80 0 

81 4 

81 9 

82 4 

82 9 

83 4 

83 9 

6.0 

84 3 

84 8 

85 3 

85 7 

86 2 

86 6 

87.1 

87 5 

87 9 

88 4 

7.0 

88 8 

89 2 

89 6 

90 0 

90 45 

90 9 

91 3 

91 7 

92 I 

92 4 

8.0 

02 8 

93 2 

93 6 

94 0 

94 4 

94 7 

95 1 

95 5 

95 8 

96 2 

0.0 

96 5 

90 9 

97 .3 

97 6 

98 0 

98 3 

98 6 

99 0 

99 3 

99 7 

10 0 

100 0 

KHl 3 

100 7 

101 0 

101 .3 

101 6 

102 0 

102 3 

102 6 

102 9 
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controlled by following the pointer K, on the dial L, which should be caused to 
revolve at the same speed as the second hand of a chronometer A/, oonveniently 
suspended alongside. The numl)ers on the di.il L correspond with those of the 
second hand on the chronometer. One revolution of the pointer K indicates that the 
plunger has moved downward exactly one centimeter. 

At the termmation of 60 seconds, after the pointer on the dial has inatle one 
revolution, the pressure on the plunger is relieved. The rending of the iiiaxiinum 
indicator G on the scale K is tlien noted, and the corresponding degree of hardness 
ascertained by referring to the table. 

When the plunger commences to displace the substance at the specified sjieed 
of 1 cm. per minute, a maximum reading is obtained which should remain constant 
throughout the entire displacement. The consistometer is simple to ojicratc, gives 
closely concordant results, expres.ses the readings obtained at all temperaturt's on 
one scale and has a sufficiently great range to i*.clude all bituminous substances 
ordinarily encountered.* 

Test 9d. Susceptibility Factor. This factor is a numerical evprt'ssion representing 
the susceptibility of a bituminous substanec to temi)«‘rature eliangi's 'Fhe more 
susceptible the material the higher will be its “ su.Hceptibilify factor.” It is nil- 
('iilatcd from the consistometer hardne-ss and the K and S fusmg-point ('leHl l.Vi) 
in the following manner; 


Susceptibility Factor 


(Hd at 32** F.)-(!ld at 115° F.) 
Fusing-point, K and S. Method 


XlOO 


This factor is useful as a means of identification; for predetermining the adapta- 
bility of the substance for certain usage's; gauging ita uniformity of supply; and 
for purposes of factory control. This factor iK'ars no relation to the hardness or 
fusing-pejint, and is substantially constant for bituminous sulistanccs derived from 
the same source or produced by the same general process. In the case of blown 
petroleum asphalts, it furnishes an indication of the extent to which the substance 
has been blown; the further the process having lieen continued, the smaller the 
factor expressed numerically. With residual a-sphalts di’rivcd from any one crude, 
the susceptibility factor will remain constant, regardless of the extent to which the 
distillation has progressed. 

By means of the susceptibility factor, bituminous materials may lie roughly 
divided into the following groups, viz ' 

Smceptibihty Factor umler 40: Include.s blown jietroleii n asphalts, fatty-acid 
pitches and fluxed asphalt itos (having a factor between 8 and 40); also wurtiilito 
asphalts (having a factor Ixjtwcen 80 and 40). 

Siisceptihihty Fador between 40 ami 60- Indude-s n;.sidiiul asphalts. 

Snsceptibihttf Factor orer 00; Includes mineral waxes, pitches derived from tars, 
and asphaltites (of which the susceptibility factor varies from 76 to over 100). 

Native asphalts have been excluded from the foregoing groups, since their sus- 
ceptibility factors vary widely, ranging from 1.5 to greater than 100. The author 
has never examined a bituminous material having a susceptibility factor lower than 8. 


‘•'Improved Instruments for the PhysirsI Testimt of Bituminous Msterlsl"/’ by Her^ 
ham. pZ Am. .Soc. Te,nng MatenaU, %, 558. 1909. 11, 676. 1911; i:. 8. Pat. 9S9.471 of Al>r. 
11, 1911 to Herbert Abraham. 

.••Improve Urtnimwt. for Ih. Phyofrol ol Brtumiooo. M.UriJ..' by H«l«t 

Abrohom, Prttc. Am. Sor.. Tetiint MaUnaU. II, 083, 1911. 



502 


ASPH/VLTS AND ALLIED SUBSTANCES 


Test 10, Ductility. This represents the capacity of the bituminom 
material for elongating or stretching. The test is of value for identify- 
ing the bituminous substance, for indicating its adaptability in con- 
nection with certain usages, for gauging its uniformity of supply, and 
for purposes of factory control. The ductility test often enables us to 
differentiate between blown petroleum asphalts and native or residual 
asphalts. Most pitches derived from tars are extremely ductile, but 
fatty-acid pitches are variable in this respect. The ductility test is 
u.seful for predetermining the adaptability of bituminous materials for 
paving purposes, for adhesive compounds to be used in connection with 
waterproofing or built-up roofing work, and for manufacturing surface 
coatings of prepared roofings. Wherever the bituminous material is 
subjected to extensive changes in temperature or vibration, it is im- 
portant that it should have high ductility within the particular tem- 
perature range to which it will be subjected. With eveiy bituminous 
substance there exists a certain temperature, usually within 10 to 30° l\ 
of its fusing-point (K. and S. method), at which the ductility attains 
a maximum. A ductility curve constructed for any bituminous sub- 
stance over a range of temperature assumes the same form as the 
probability curve in higher mathematics. It is desirable that the 
maximum ductility should coincide as closely as possible with the 
average temperature to which the material is to be subjected. 

There are two methods in use, depending ujwn the construction of 
the moulds, namely one devised by A. W. Dow, and one proposed by 
the author. 

Test 10a. Dow Ductility Test. The Dow mould is constructed of four brass 
parts as illustrated in Fig. 160, and of the following dimensions: external length 
9 cm., internal length 7.5 cm., distance between the 
ends of clips 3.0 cm., ext i erne infernal width of mould 
3.0 cm., internal width at mouth of clips 2.0 cm., 
internal cros3-.section half-way hetw'een clips 1.0 cm., 
and thickness of briquette 1 0 cm.‘ The two centre 
pieces should lie well amalgamated to prevent the 
Courteey of Humboldt Mfg. Co. bituminous material from adhering, and the mould 
Fia. 166. Dow Ductility Mould, assembled on an amalgamated brass plate. The 
bituminous material is melted at the low’est possible 
temi)erature, poured in a steady stream into the centre of the mould, and a slight e.xcess 
added to allow for shrinkage on coobng. The mould is cooled in air and levelled off with a 
hot spatula. The two centre pieces are then removed, leaving the briquette of bitumi- 

>"Th« Twtirg of Bitumens for PaMng Purposes." by A W. Dow, Pror Am Soc Teuhng 
MnteriaU, 8 , 352, 1903: "Beport of the Comniissmncra of the Diet of Columbia, for the year 
•nding June 30, 1904," p 42. "Methods for Testing Asphalt" by A. W Dow, Chem Eng, 1, 

330, 1905; "Teats of Asphalts for Paving Purposes." by A. W Dow and F. P Smith A/unic 
Bng., 40 , 437, 1911. 
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nous material hold at cither end by the olip8, and carvfully transferred ti^ a-vesw*! 
of water nuuntamed within I doKrt'o of the it'quirt‘d teiii|)erature for at least J, 
but not longer than 2 hours The eli|Ks should then lie pulled ajiart under water 
maintained within 1 degree of the requinvl teiiqK*ratim*, at a uniform rate of «jH‘ed 
of 5 cm. per minute. 1 he line of pull shouhi 1 h‘ horisontal or nearly so, and tho 
separation effected without appn'ciabie vibration. Three testa should Ik* averaged.* 



1 K.. l(o Smith Ductility Machine. 


It IS ciistomar\ lo make tins lest at three teniperatures, viz : 115, 77 and 112* K. 
\'arious machines havi* Itcs'ii pr(i|M»s<al for this purjxise, including the one devifM‘d by 
Smith, illustrated in Fig 107.* 

An instrument with a dynamometer attachment adapted to uw the Dow mould, 
measuring both the ductility and “cianenti- 
tioUsnes.s ” (tensile .stnuigth) has been de- 
scrilH‘d by l/>hter Kirschbraun ' This device 
is e.s.seriti illy the .same as tli.it which had 
iH'cn pre\iously descrilied by the author in 
1910 (See test lOhj 

Test 10b. Author’s Ductility Test. An 
improved mould designed by the author, 
is illustrated m Fig 10.S and shown in 
cro88-.s(’ction in Fig 109 It con.sist.s of two 
cylindrical section.s constructed of hardened 
steel, re.sting together on circular knife- 

•" Report of SntvCommittee on Ductility I’ror Am Soc Ttudno MiilertaU, Part I, II, 

340. 191.5 

Machine for Tcatinn the Ductility of Bitunrnnoui Pavin* Cemanti" by F. P. Smith, Proc. 
Am 5oc TtiUmg Afnlertah, •, .594, 1909 

**‘The Cementmn Value of Bilummoua Binder*." by I.e*ter Kirtchbraun, J. Jnd Eng Ctrm, 
I, 976, 1914; U. R Pat l.m),.50(i of Apr 25. 1916 



F'k;. lOli.—Author’H Ductility Mould. 
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odgea and, maintained in that position by three guide pins. It is filled by unscrew- 
ing the upper cap and pouring in the melted bituminous substance, which on 
cooling forms a prismoid, whose altitude is 2.5 cm., the end-are is 1 8 cm. in diam- 
eter, with a minimum (ross-section at the centre of exactly 1.0 sq.cm. (1.28 cm. in 
diameter). The upjxir cap is screwed in place, the mould fastened in the tensom- 
eter and the two halves sejiarated at the uniform speed of 5 cm. per minute. 
The elongation in cms. at the moment the material parts is a measure of its 
ductility.' 

This mould has a number of advantages over the Dow type, including its adapta- 
bility to testing semi-liquid and semi-solid bituminous materials, no amalgamation 
is necessary, there is no danger of the material breaking in the mould upon being 



cooled to the proper tempeniture, the jKjrsonal equal lun is eliminated in filling 
the mould with the assurance that the minimum cros.s-.sect ion will lie exactly the 
proper size, and only a small quantity of the material is required in making the test. 

The tensometer is illu-strated in Fig. 170. The two sections of the mould A-l 
and A-2 are clamped between the guides B-l and B-2y the lower section being fast- 
ened to the stationary cross-piece (- by the pin IJ-I, and the upjier section to the 
movable cross-head E by the pin />-2. The cross-head is attached to the cliain F 
which passes over the sprocket-wheel G fastened to the dynamometer H, and then 
around a suitable winding mechanism /. The specimen is drawn apart by turning 
the hand-wheel J which operates the endless chain K running on the sprocket 
wheels /y-1 and L-2. The dynamometer is equipped with a trigger M to prevent 
recoil. The chain F also connects with a train of gears operating the brass pointer 
N pressing against the dial 0 which is formed of vulcanite or some other insulating 

’"Improved Inatrumenti for the Physical Tcatiog of Bituminous Materials,'* by Herbert Abra- 
Smb, Proe. Am, Soe Tetltro Maimalt. 10. 444, 1910; 11, 679, 1911. 
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lU face is marked in one hundm) divisions, each oonaisting of tf metallic 
As the |)ointer brushes over ihesi' csintacts it momentarily cluaea an 
elect no circuit which oiierates the relay P, 
causing a “ click.” The relay is connected with 
the liatteriest^ and (he switch R. One it'volution 
of (he pointer indicates that the halves of the 
mould have Ikhui separated a distance of exactly 
one iiictt‘r, and a movement of tlie jHiinler over 
one division of the dial corresponds to a ciMiti- 
meter rise* in the w'dioii A -2. 

The guides ff-l and li-2 are pivoted at N-l 
and S~2, which js'rmits the glass reservoir T 
lieing sh|»|M*<I into pla<*<*, whereu|)on they are 
locked into (losition by the liolt U, 'I'he n*ser- 
voir IS tilled with water maintained at the 
dom'd tciniK'ratiire by the heating coil V' in 
senes with thi' incaiidesivnt lamps V. The batli 
may Ik* agitated uisni squee/ing the bulb If', 
which fori'cs air through (he liquid. The valve 
X w for emptying the msiTvoir. 'I'he spei'd is 
oontrolk'd by a metronome with a Is'll attach- 
ment si't b) ring every 12 si'conds, or 5 times 
per minute. The s|k‘(h 1 with which (he crank 
is turned must lie regulited so (hat (he '* clicks ” 
of the n*lay an* brought into unison with (he 
rings of the metronome. 

'I'he n’servoir should Iks filled 
with a liquid having alsait (he same 
specific gravity as the bituminous 
material tested, so the thread of 
material will neither have a ten- 
dency to float nor sink while the 
moulds ani ls*ing separale^l. The 
0 |K*rHtor must watch the s|K'eimen 
as sections A ami li separate, and 
he should cease turning the crank 
at the moment the fhmad parts. 
The dynamometer indicates (he 
tensile strength of the substance in 
kilograms (Test 11), and (he dial 0 
its ductility in centiiiieters. The 
substance is usuidly t^^sted at 116, 
77 and 32* F. 



Fig. 170.— Tensometer. 


Test 11. TensUe Strength 
by the Author's Method. This 
18 rpcorded on the tenaometer 


as described in Test 105, and is equal to flie maximum rearling in 
kilograms as the two halves of the mould H*parate. It is a measure 
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of cohesiveness or cementitiousness and is of value in determin- 
ing the adaptability of a bituminous substance for certain definite 
purposes, especially for paving, manufacturing adhesive compounds 
for waterproofing and built-up roofing work, bituminous substances 
for electrical insulation, moulded articles, pipe joints, etc. The 
tensile .strength is ordinarily tested at 115, 77 and 32° F'. For each 
bituminous substance, there is a critical temperature at which the ten- 
sile strength tests a maximum, and this is g('nerally coincident with the 
temperature at which the ductility approaches 0. This phenomenon 
may be explained by the disappearance of plasticity and associated 
cohesivencss at temperatures when tin* substance becomes transformed 
into a brittle solid. The tensi’e strength curve is also similar in form 
to the probability curve in higher mathematics. There appears to be no 
definite relation between the hardness and tensile strength of bituminous 
substances. With residual asphalts manufactured from the same crude, 
the tensile strength is reduced after the distillation progresses beyond 
the hard and brittle stage. l']xcessivc blowing produces the same 
results, but to a lesser degree. 

Test 12. Adhesiveness Test. This test serves as a measure of the 
adhesiveness of the bituminous material, and it is of primary impor- 
tance in ascertaining its adaptability for certain definite usages, as, for 
example, in road building, preparing compounds for water-proofing 
and built-up roofing work, cements, etc. It repn'sents the capacity of 
the substance to adhere to solid objects with which it may be brought 
in contact, and differs entirely from the cohesiveness or tensile strength 
referred to in 3Vst 11. Various in.struments have been proposed for 
this purpose including those devised by Fulweilcr,^ Osborne, Kirschbraun 
and others. 

Test 12a. Osborae Adhesive Test. This is designed es[)e(;ially for measuring 
the adhesion of serni-liquid to serni-solid road oils suihihle for the construction 
of carpet or seal coats (p. 367). 

The apparatus is illustrated in Fig 171 and is composed of two concentric 
cylinders. 'I’hc stationary inner cylinder is hollow and measures c.xactly l.QO.O in. 
in diameter. It is maintained at 77® F., by a stream of water circulating through 
it, entering and leaving by the horizontal tul)es shown to the right, one l)earing a 
thermometer to register its tern|x*rature. The movable outer cylinder or collar, 
2.000 in. in diameter and 2 in. wide is cau.sed to revolve on the inner cylinder 
with a uniform layer of the bituminous material to Ixj te.sted in l)etween, by lading 
wound with a cord attached to a 3 kg. weight. The thin film of bitJiininous mate- 
rial between the cylinders offers a resistance of this turning, and the adhesive 

»"A N«w Machine for TeetlnR Pitch." by T. Y. Oleon, Proc Am <Soc, rffhnff MeUmalt, 10, 
693, 1910, "Impart TpBtinjr Machine for Pitch," by W. H. Fulweilcr, Am, Atm, Adr. Set, 
Wwh., D. C., 1911; "Good Roade,” 9, 81, 1912. 
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value Ls measured by recordiu^ the lenutli of tune n'quired for three .complete 
revolutions of the collar » Table XXXVII include-^ tests re|K»rttHl by the designer 
of the machine, the float test having knui ascertained at IH)" K. (Test Hd), and the 
viscosity by the Kngler visia>!sinietor at 212“ K (Test Stt) 



('(iiiitfBj o) (• n nslx.riH* fourtcay <»( i: II Siir»tciit Co 

fio 171 (KI)oriic A<llit‘si\c Tester Fir,. 172 — Kirschbraun Adhesive Tester. 

Test 12b. Kirschbraun Adhesive Test. 'I'his i.s di'signed for te.sting scini-solid 
lo solid bituminous materials The iiisirument is constructed as illust rated in Fig. 
172, coiLsi.stmg of a dynamometer with a maximum-reading indicator having a ball 
attached to its lower end. A platform with side clips for holding the container 
of the bituminous material is attached to a thremled bar, giainal to a crank for 
raising or lowering the ,sam|)lc 'I'he container is provided with side flanges by 
which It IS held on the platform 'I'he bituminous material is jiourcd into the cup 
so ii» b) enclose the bull, and when crsdeil t(» the desircid tem|X‘ruture, the platform 
IS lowered at a uniform sfecd until the ball withdraws from the siiecimen under test. 
The adhesion h recorded by the dynamometer 

' Pro ate roriirimtJK ation fnun Clareixe H Oglx.rne ol the C«lifornt« llighwAy ConimitiioD, 
■Sacramonto, Cal 


m 
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TABLE XXXVII 


8p.gr. 
at 7T* F. 
Teat i) 

Solubil- 
ity In 
Carbon 
Disul- 
phide 
(Test 
21a) 

Flash- 
point ®F 
(Test 17) 

Burning 
Point ®F. 
(Test 18) 

Float 
Test at 
90° F 
(Test 8d) 

V'iseosity 
Test at 
212° F 
(Test 8a) 

Osborne 
Adhesive 
Test at 
77° F 
(Test 

12a) 

Loss m 

5 Hours 
.325° F 
(Test 
16) 

Float 
Test at 
90° F. 
after 5 
Hours 

at 

325° F 

Vsphalt 
(of 80 
Penetra- 
tion at 
77° F ) 
at 400° 
F. 

Hours 
Heated 
at 400° 
F. 

0 9fl8 

99 74 

339 

460 

390 

1.312 

690 

2 68 

1113 

92 0 

9 0 

0 935 

99 78 

216 

290 

72 

427 

20 

15 37 

8055 

80 0 

3 5 

1.001 

99 83 

277 

415 

180 

.584 

281 

3 48 

700 

89 1 

8 5 

0 979 

99 91 

325 

4.50 

93 

334 

40 

3 24 

149 

80 2 

25 0 

0 971 

99 90 

280 

3.55 

29 

143 

5 5 

8 01 

80 

7.5 0 

32 0 

0 982 

99 93 

360 

.525 

187 

.591 

208 

0 90 

234 

92 5 

30 0 

0 973 

99 80 



29 

129 

0 2 

12 .58 

132 

70 2 

8 0 

0 997 

99 90 

330 

420 

143 

438 

125 

1 71 

225 

87 7 

14 0 

0 990 

99 40 



651 

1.573 

1,000 

0 17 

1019 

95 .5 

14 0 

0 993 

99 94 



146 

481 

119 

4 28 

315 

80 0 

10 0 





132 

413 

80 





0 995 

99 85 



280 

940 

4.30 

.3 09 

837 

91 7 

10 0 

0 990 

99 78 



1.35 

11.3 

73 

2 13 

217 

81 3 

14 0 

0 992 

99 78 

350 

420 

1.30 

430 

99 

4 43 

292 

84 2 

14 0 

0 993 

99 77 

340 

428 

141 

4.30 

110 

5 22 

.31.8 

84 7 

14 0 

0 998 

99 77 



181 

.500 

197 

1 94 

284 

90 2 

19 0 

0 980 

99 90 

358 

480 

1.32 

474 

141 

2 .31 

214 

89 0 

20 0 

0 984 

99 88 

441 

.528 

230 

724 

409 

0 27 

289 

93 0 

20 0 

0 996 

99 95 

345 

418 

1.3.3 

414 

112 

5 81 

379 

85 0 

1 10 0 

0 998 

99 82 

428 

518 

420 

12.38 

4.50 

0 .30 

538 

94 0 

4 5 

0,991 

99 83 

318 

410 

1.36 

419 

104 

4 19 

277 

85 0 

1.3 0 

1.027 

99 59 

304 

420 

1702 

4090 

3.900 

3 88 

115* 

92 9 

.3 0 

0 991 

99 85 

315 

40.5 

201 

0.30 

.315 

4 2 

.591 

88 0 

8 0 

0.984 

99 92 

320 

522 

212 

727 

31.3 

0 G 

302 

92 3 

20 0 

0 992 

99 91 

280 

474 

147 

42.5 

90 

2 3 

259 

88 5 

12 0 

0 997 

99 00 

310 

418 

151 

552 

101 

5 9 

490 

85 5 

7 0 

1 007 

99 09 

2.50 

400 

575 

2108 

.590 

6 .5 


89 0 

3 0 

0 997 

99 95 

335 

428 

249 

882 

218 

5 2 

720 

88 3 

0 0 

0 992 

99 73 

235 

305 

310 

1370 


9 0 

1.30* 

87 0 

3 0 

0 990 

i 99 90 

360 

440 

4.54 

873 

710 

1 4 

839 

90 0 

7 0 

1 012 

99 84 

385 

494 

8490 

.8.342 

20,880 

1 5 

70* 

97 2 

1 5 

0 994 

99 77 

385 

470 

.308 

709 

<)70 

2 2 

.570 

88 2 

15 0 

0 984 

99 93 

315 

.525 

208 

006 

310 

0 5 

220 

92 2 

28 0 

0 980 

99 05 

420 

530 

849 

9(X) 

928 

0 6 

887 

95 0 

13 0 

1 017 

99 84 

380 

470 

147* 

9213 

10,710 

1 7 

85* 

97 0 

2 5 

0 991 

99 90 

405 

525 

429 

925 

5-20 

1 0 


95 2 

20 0 

0 998 

99 94 



210 


260 

2 8 


88 0 

11 5 

0 997 

99 86 



.320 


487 



t 92 0 

7 5 

1 006 

99 07 

380 

480 

142* 

8015 

15,000 



1 97 8 

1 5 

0 989 

99 93 

315 

.398 

1.37 

445 

104 



1 84 2 

17 0 

1 021 

99 80 

375 

485 

140* 

8220 

22, .500 



1 98 1 

1 5 

0 995 

99 78 

1 



150 

! 


1.50 



' 8ti 9 

13 0 


* Penetratlou at 77® V. 
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HEAT TESTS 

Test 13. Odor on Heating. This tost serves as a valuable guide 
for identifying bituminous materials. The ^ »llo\vmg substanees in partie- 
ular may lx* reeogniml when pres(‘nt in the pure stat(‘ or in admixture 
with other substances, by their charaeteri.stie odor evolves! ujx)n heating. 

Od-gas-tnr Pitch, W okr-ijasAar i*itch and ('(mldar Pitches: Odor, acrid, 
sharp and penetrating. 

Wood-tar Pitches: Odor somewhat similar to that of eoal-lar pitches, 
also characteristic but less .*'harp and inten.M*. 

Fattji-acid Pitches. Odor sw(*etish and bland, also charact(‘ristic. 

Asf)ha!t'< (including native and pyrogenous a.sphnlt.s): Odor oily and 
some cases slightly suli)hurous. 

(lilsomk: Odor characteristic but cannot V(‘ry well be d(‘scrilM‘d in 
words. 

Test 14. Subjection to Heat. Certain bituminous substances l>e- 
have in a characteristic manner upon subjecting them to the influence 
of h(‘at, w'hich also a.s.sist.s in their identification. 

Test 14a. Behavior on Melting. Some hitiiminouH materials priHs rH|)i(lly from 
(he .‘'((lid to the IhiukI state on heating, a.s for example the mineral waxes, moat of 
the native asphalts, residual fusphalts, .sludge asphaltH, iKMit-tar piteh, lignite-tar 
pitch, oil-gas-tar pitch, wafer-gas-tar pitch, and the coal-tar pitches On the other 
hand, many bituminous materials, cs|)ecially (h4>He of a low suscs'ptibihty factor 
(Test 9 ( 1 } melt sluggishly, and p-a-ss through an intermediate " piisty " stage; as 
for example blown petroleum asph.alt, wurtzihte asphalt, aspheltites and the «a|K)ni- 
fiable fatty-acid pitches The same i.s manifested by any bituminous materiulu 
containing large proportion of mineral matter, .also those whn*h have lieen sul- 
phun/.isi Capp and Hull have devised a method for depicting this grajihically.' 

Test 14b. Behavior on Heating in Flame. This test is csjiecially useful for 
hard and solid bituminous materials, and constitutes a rapid methiKl for distin- 
guishing lictween those which are fusible and infusible. Fusible bituminous sub- 
stances, including the mineral waxes, asfihalts, asphaltites and pitches will liehiive 
in one of the following ways: they may simply soften and flow, as proves tx> lie 
the case with mineral waxes, asphalts, gilsonite, glance piU’h ai^d the true pitches. 
If moisture is present, these substances will decrepitate (Jrahamitc acts in a 
characteristic manner, those varieties showing a hackly fracture, soften, sfilit and 

‘ *' A Method for Studying the Effe^-ta of Temperature upon the Phyairal Condition of Aa- 
phalU, Waies, etc,," by J A Capp and E. A Hull /'roc Am Hoc TtMling Miilrnal$ 17, II27, 1917. 
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burn In the flame, whereas those showing a conchoidal fracture decrepitate vio- 
lently even when no moisture is present. 

The asphaltic pyrobitumens also Ijchavc in characteri-stic manners. They will 
not fuse in the flame, but when dry, act as follows: (‘latcrite and wurtzilite burn 
quietly, albertite intumesecs, whereas irnpsonite decrepitates. 

Test 16. Fusing (“Softening”) Point’ This constitutes one of the 
most valuable all-around tests. It is used for purposes of identifica- 
tion, especially with materials fusing at a high temperature, such as 
the asphaltitcs, and is particularly useful in this connection upon tak- 
ing into consideration the speidfic gravity and hardness. It is also 
used for ascertaining the adaptability of a bituminous material for 
certain definite usages, including its resistance to the sun or artificial 
heat. The fusing test serves to gauge the uniformity of supply, and 
on account of its rapidity and accuracy, is used extensively for pur- 
poses of factory control. Stweral methods have been proposed for this 
purpose, viz.: 

Test 16a. Kramer-Sarnow Method. Thi.s method is rapid, accurate, and adapts 
itself either to soft or hard bituminous materials, from residual oils up to gra- 
hamite. Its range is greater than that of ;iny other fu.sing-point method. 

It was first proposed by (*. Kramer and C. Sarnow.* Various modifications have 
lieen suggested from time to time * The author ha.s made a careful study of this 
method, and recommends the following procedure:* 

Siihstanceti Fimng below the Hoihng' point of Water. Thi.s method consists in 
heating a plug of the bituminous sub.stan<!e f) mrn. long, in an open glass tub<', 
fi-7 mm. internal diameter, and about 8 cm. long, the plug siqiporting 5 g mer- 
cury, and the tulw lieing immersed in a v(*s.sel of water, the level of which reaches 
approximately the centre of the mercury column, in making the test, a thermom- 
eter is 8US|)endcd in the liqui<l, so its hull) will be at the same level as the plug 
of bituminous material. The thermometer is supported in a separate glass tul)e of 
the same thickness and diameter as the otln'r tube, hut differing therefrom in 
having its lower end sealed, and containing sufficient mercury to surround the bulb. 
The water is heated at a uniform rate of 4® F. [ler minute, and the temix'rature 
at which the mercury drops through the plug of bituminous material recorded jus 
its fusing temperature. The tube containing the bituminous substance may have a 
mark etched 5 rnm. from the end, as a convenient guide for the quantity of bitu- 

' The term " ftisinK-p»>int ’’ has been iischI throtiKhoiit the text in place of the phrase “ melting- 
point,” since (he former is more expressne of the beha\iorof fusible bituminous substaneps under 
the influenee of heat They pass u'^odunlly from the sniiti to the Iniiini rondition, the transition 
takiiiR place sIowU. oaiiin to the heterogeneous character of tlie sul-stanccs present The phrase 
” melting'iMiint ’’ is more appropriately applied to chemical sul'stances ha\ing a definite conipi si- 
tion, which melt sharply, and within a narrow (empetaturo range. 

» Chtm Inil . U. 1903 

•B M. Margosches, ( hem Ret Fett-liarz-lnd , 11. 277, 1004, M Wendriner, Z. ar^gew Chrm , 
18, 622, 1906. E (Jraefe, ('hem Zetl , 80, 298. 1900. Bauert, ('him Zr\t , 19. 382. 1005. fXTcr- 
mann. Petroleum, f 2117, 1910, I. Barta. Petroleum. 7. 158, 1911; \ Abeles, ('hem ZeU . 88. 
249, 1914. 

‘‘•Improved Instrumenta for the Ph>8ical Testing of Bituminous Materials." hy Herbert Abra- 
bf^m. Prqc. /Im .W MatenaU, 9 , .67.5, 1909. 11, 67,1, 1911. 
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minous material to be intrmiuced. The f)luK of bituminou8 material may !>« iritro- 
(luced into the tube by inverting it and inserting from its lower end well-fitting 
cork or wotxlen plug fastened to a stiff wire. The mercury is pourctl on same, 
and the jilug raiseil or lowered until the meni.scus of the mercury coincides with 
the mark etchetl on the tul)c. The bituminoas material is then melted at a tem- 
perature slightly al)ove its fuaing-{)omt and [loured on top of the mercury, to 
completely till the tul>c, whic'h should l)c warmed slightly. When cool, the bitu- 
minous material i.s levelleil off even with the end (»f the tulie, whereu|K»n the tulie 
IS inverted and the plug withdrawn. This is illustratial m Fig. 17d. 


S) 




i qr Mrrcvrf 
Cor* or Pl{/^ 


Oiaa Tubt 



Fm 17d.--Metho<l of Filling K. 
A S Fusing-Point Tul)cs, 



Fi<;. 171. —Heating Coil for K. A'^H. Fusing- 
Point Teshf. 


The mercury is measured from a heavy-walled cjifallary tul)« of 1 mm. bore, 
terminating in a three-way cock, as illuslrateil at j, h'ig 175, and calibrated to hold 
exactly 5 g. mercury at room temficrature. The short limb of the tulic is con- 
nected with a movable reservoir attaining mercury, the height of which is adjusted 
80 the mercury in the capillary tulie exactly reaches the graduation. 

The heating is conveniently effected by an electrical device descrilicd by the 
author,’ illustrated in Fig. 174, composetl of a coil of resistance wire to lie immersed 
* Proe Am Tftmf Moimalt, #, 577, UW, 
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in the liquid bath containing the fusing-point tubes, and connected with a rheostat, by 
means of wh[ch the temperature may be controlled to a nicety. Three slabs of slate 
or asbestos-cement, o, b and c, are fastened together with three small bronze bolts <i-l, 
d-2 and d-3, also three large bolts, c-1, e-2 and c-3 enclosed in glass tul)e8 / and g 
respectively, to prevent short circuiting. The coil h consists of 10 yd. of cotton- 
covered No. 30 nichrome resistance wire wound in a single layer around the tubes, 
and connected with the l)olt8 e-2 and €-3, which in turn terminate in binding-posts 
i and j. The coil after being assembled is treated with a high-grade insulating 



Fio. 175.-K. & 



varnish and baked until hard. Ten holes are drilled in the slab a, three e, for the 
large bolts, six k for the fusing-point tulies and one /, for the thermometer tube. 
The cod as dcscril^d offers a resistance of 75 ohms, and allows a passage of appro.xi- 
matcly 1.5 amperes at a potential of 110 volts. It will raise the temperature of 
500 to COO c.c. of water to the boiling-point in a few minutes, when the full current 
is applied 

The apparatus is assembled as illustrated in Fig. 175. The heating coil A 
carrying the thermometer H and the fusing-point tubes C is counterbalanced by the 
weight I), so it may be raised or lowered into the beaker E holding 500- 6(X) cc. 
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of wat^r. The heating coil is connected with a rheostat F and a switch 0 in jwrailel 
with an 8 c.p. incandescent lamp // liehind the l)eaker to illuminate the fusings 
|)oint tulies, and a 82 c.p. lamp I to light up the mtenor of the apparatus; J 
represents the mercury moiumring-devii'e, and K a clock from which the hour hand 
has been removed, and the dial graduate<l in 240 ilivisions representing degret's 
Fahrenheit. The n.se in tenijicrature is synchronize<l with the minute h.iml of the 
clock and contrelled by the rheostat to mcreast' fxadly 4° F. ;>er tntnuJr. 'I'lie initial 
temperature of the water should lie at least 25* F lower than the fu8ing-|)oint of 
the material to lie examined. Six tests may be run simultaneously. 

The heating coil is simple to construct, easy to ofM'rate, and in.sun*s a jierfect 
temfierature control. Owing to its skeleton construction, the heat is rapidly dis- 
sipated, and there is no dang(‘r of the coil burning out, providixl it is kept immerHi'd 
in the water while the current is on. in the author’s laboratory, ’vhere the coils 
are in daily use, they last from 2 to 3 yeans, and when burnt out, the wiring ni.M\ be 
renewed in a few minute^’ time. 

iiiubstanres Fimrig above the lio^hng-jmnt of Ho/cr In this case the heating is 
performed by a direct Hamc, as illustrated in Fig. 170, the water l)eing n-placixl 
with castor oil which may lie heated .safely to about t‘»(K)“ F. Thi.s method may 
be u.s(*d for determining the fusing-iioint of asphaltites including grahamite A 
small (quantity of the high fiLsing-|Kiint bituminous material w |H»wdeied and com- 
pressed in the lower end of the fu.smg-jioint tube, whereuism it is carefullv heated 
above the flame of a burner, until the plug of bituminous material softens and 
fuses to the tube, which is evidenced by the color changing from a dull to a glossy 
black. The tulie is then stood upright against a block of wikmI, a siiug-Htting glass 
rod inserted in the upi)er end, and prchf'cd against the .softerieii bituminous material 
to compact it into a solid mass 7 to tt turn long On cooling, the plug is then 
carefully scraped from the lower end of the tube until txaetbj 5 mm remains, 
leaving an air space 2 to 4 mm betwei'n the plug and the lower end of the tiibi*. 
Care should lie taken when .''Usfsmding the fiiHiig-pomt tills' in the heating bath to 
allow the free .space below the plug to remain filleil with air, otherwiM- oil will 
come in contact with, and prematurely soften the' bituminous material. The bath 
I** heated at the uniform sjs'cd of 4* F. jier minute ‘ 

Test 16b. Ball and Ring Method. Thi** method has been a<lo|'t(‘d by th(> American 
Society for Testing .Materials' The apparatus i^ illustrated m I ig 177 ami ronsists 
(tf the following “( 0 ) bra.s.'' ring 1.') h 7.") mm ( J m ) m m^idc diam.'ter and ti 3.') mm. 
(i m ) deep: thicknc'is of wall. 23S mm ( in ), poiim''‘'ible variation mi inside 
diameter and thicknes.s of ring, tt.2.) mm (t)0l m ). I'lii'' ring shall be altai hed in 
a convenient manner to a No b”) H tV S gauge brass wire (diameter 1.7U mm. -(n)7()3 
m ). (b) A steel ball 0 .'>3 mm (? in > m diameter weigliing between 3 4.'’) and 3..V) g. 
(c) A gla.ss vO'sel, c.ipable of being heated, not less than K cm. (3 31 in ) in diameter 
by 10 .1 cm (1 13 m ) dirp (-V t»<K)-r e. beaker, (Iriffin low form, meets this rerjmre- 
ment.) (d) A thermometer whieh shall conform to the following speediciitions: 
Total length 370~1(K) mm., diameter i'ib 7.5 nirn.. bulb lengtli not over II mm., bulb 
diameter 4.r>-5..5 mrn The .scale shall be engravisl uism the stem of the thermometer, 
shall be clear cut and distinct, and shall run from 32 to 170'’ K in b. divisions. 

‘"Improved Ingtrumeufs for the Phymeal Tealina of Uiturninoua .Materials, *’ Pror Am. Sf>c 
TetUng Matcrialu, 11, 1(74, KOI 

•"Standard Melho*! for I )et< rroi nation of .^’oflrmnit Point of HHuiiiiiioiw Miiiermli' other than 
Tar Prodneu" (Rmu-and-Ball Methtnl), Serial Uewgnation. \) .‘W-IH, A S T M Siandarclii Adopted 
in 1919, pamphlet, p 00 
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It shall commence not less than 7.55 cm, above the bottom of the bulb. The ther- 
mometer shall be furnished with an expansion chamber at the top and have a ring 
for attaching tags. It shall be made of a suitable quality of glass and be so annealed 
as not to change its readings under conditions of use. It shall be correct to 0.5° F. 
as determined by comparison at full immersion with a similar thermometer calibrated 
at full immersion by the U. S. Bureau of Standards.” 

“The sample shall be melted and stirred thoroughly, avoiding incorporating air 
bubbles in the mas.s, and then poured into the ring so as to leave an excess on cooling. 
The ring, while being filled, should rest on a brass plate which has been amalgamated 
to prevent the bituminous material from adhering to it. After cooling, the e.xeess 
material shall be (*ut off cleanly with a slightly heated knife,” 



Fui. 17tl. -K. ami S Tester for High Fusing- 
Point Sulwtanees. 



Assembly Proper Position 

of Apparatus ot Ball. 


From AST M StandaniB 
Fig. 177. —B. and U. Fusing- 
Point Te.ster. 


Substances Fusing below 194° F. ” Assemble the apparalus as shown. Fill the glass 
vessel to a depth of substantially 8.25 cm. (3.25 in.) with freshly boiled, distilled water at 
41° F.‘ Place the ball in the center of the upjM'r surface of the material in the ring and 
susiiend it m the water so that the lower surface of the filled ring is exactly 2.54 cm. (I in.) 
above the bottom of the glass vessel * and its upper surface is 5.08 cm. (2 m.) below the 
surface of the water. Allow it to remain m the water for 15 minutes before applying 
heat. Suspend the thermometer so that the bottom of the bulb is level with the bottom 
of the ring and within 0.035 cm. (J in.) but not touching the ring. Apply the heat 
in such a manner that the tem|H*rature of the water is raised 9° F. each minute,” * 

•The uec of freshly boiled dintilled water is essential, ns otherwise air bubbles may form on the 
•pecimen and affect the accuracy of the results 

* A sheet of paper placed on the bottom of the glass vessel and conveniently weighted will prevent 
the bituminous material from sticking to the glass vessel, thereby saving considerable time and trouble 
in cleaning. 

* Rigid adherence to the prescribed rate of heating is absolutely essential to secure accuracy of 
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“The temperature recorded by the thermometer at the instant the bituminous 
material touehes the l)ottom of the ultiss v<‘ssel shall Im* reixirtinl jvs the soffetimn |M)mt.’' 

Suhatintces Fusing aboi'f tuy F. “Use the sjime inetIuKi as niven alajve, exe<*pt 
that ftilycerin shall Ik‘ used instead of water.” 

The electrical heating coil di'scrilHal in Test tki may Im* u.sihI to Rood advantage 
in the.Ball-and-UinK metliod, but the length id nichrome wirt' should lx; nalucHi to 
6 yd., to jirovide for the nii>re rapid heating of the bath. 

Te.st8 made by the author indicate that the Hall'and-Hing fusing-|M)inta range 
15 to 25° K. higher than thost* obtainiMl by the K and S inetluMl. 'I’his relationship 
hold.s true regardless of whether tlx* fu.>'ing-|>oinl of the mati-rial i.s low or high 
Test 16c. Cube Method. This methiHl is re>tnci»M| to testing tar-pilches.' 

For Fitrhfs Fuf^ing hdoiv 170'^ I' 'I'he following method has Imkmi propoMsI by 
the American Society for Testing .Materials • 

“For the piirjiose of shortening the lime required for test mg, hard pilelu's having 
a softening-point between IDM 1 and 171) K are I'oolnl at tH) ’ I*', instead of at 10 K. 
as prescribed for soft pitches. 'I'he apparatus is illustratial in Fig 17S and shall 
consist of the following' (u) A mold .suitable for forming a 12 7 mm (.1 ui ) eiibi' of 
pitch; (h) .\n L-shaiM*d right-angled lasik made of .No 12 H A .'*' gauge copiwr win* 
(diameter 2.05 rnm =0.0<S0S m ) the foot of which shall be 2.54 cm (1 m ) long; (r) 
A gla.ss ves.sel, capable of being heated, not l(‘.ss than 11 cm (4dd in.) in dianu'ter 
by 14 cm (5.51 in.! deep’ Ul\ \ thermonwter which .shall conform to the following 
specifications. Total length 370 KK) mm. diameter 0 5 7 5 mm. bulb length not 
over 14 mm., bulb diametr*r 1 5 5 5 mm. The scale shall Im‘ engraved u|)on the Hlem 
of the IlH'rmoiiK’ter. shall be clear cut and distinct, ami .shall run from 32 to 170 ’ F. 
Ill F. divisions It shall commence not less than 7.5 cm hImivc the iMittom of the 

bulb rh<‘ thermometer shall be furni''hed with an e\pansion chamlK'r at tlu‘ top 
and have a ring for atlacliing tags. It shall be m.’ide of a suitable (|iiality of glitss 
and be .so anneahsl as not to ^•hange its reatling-- under conditions of usi* It shall lx* 
correct to 0 45° F, as determined bv compaiisou at full immersion with a Himilar 
thermometer cahbratisl at full immersion b\ the I . S. Hiireaii of Standards. 

“The pitch shall be formed into a 12 7 mm (.1 in.) cuIm*, trulv Hha|K*d and with 
sharp edges, either by melting and jKiuring, or softening and pre.ssmg into the mold. 
In all cases an exce.s.s of pitch shall be used and the surplus materi.d shall Ik* cut' off 
cleanly with a slightly heated knife. 'I’lie harder |»itehes specifieil can ordinarily Ik; 
molded at room ternfM'rature, (lie softer pitches in water at alxait 40° F. If they 
are melted, they should first la* thoroughly stirnal, avoiding incorporating air biibblc^a 
m the mass, and then iKmred into the mold so as to h*ave an exce.ss on ciMilmg. The 
mold should rest on a bru-ss plate ami the surface of tin* plate and the inU'rior suriacen 
of the mold should be amalgamated to prevent the pitch from adhering to them.” 

“A.‘w;mble the apparatus us shown. Fill the gla.ss vessel with fnxhly Ixulcd 
distilled water < to a defitli of substantially of 0 5 cm. (3.75 in.). With intehes having 

rcnultj The rate of mo of trmfM-rBture ahalt tx* uniform wmt Mliall nol bo avoranod over the period 
of the test The maximum ix-rmiaaibl** variation for any minuto ix-nod after the fimt three thtll be 
0 9® F All teata in whioh t ho rate of rise in tomixTafuro exooeda thoae liinifa ahall be rejeolod 

» •' Mothoda for Tintmn Toal Tur. and Kofinod Tara. Oila, and Pitoho* Derivwt Therefrom,” by 
8 U Churrh, J Ind Eng C/.rm , I. 2.10, 1911; 1. m, 1913 

1 "Tentative Method for Determination of Softening Point of Tar Prodiieta— Cube in Water 
Method ’—(Serial DeaiKnation: D bl-19 T ). A S T M TcnlaUr^ Standard» for Uftn, p 704 
» \ 000-e e beaker, (JrifTin low form, meela thia renuiremenf 

< The iiae of freshly diatillcil water is eaw ntial, a* otherwi* • air bijtibh.*» may form on the e'*be and 
retard Us sinking. 
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softening-points below 109.4° F. the temperature of the water shall be 40° F., and 
with pitches having softening-points between 100.4 and 170° F., the temperature of 
the water shall be 00° F. Place the cube of pitch on the wire as shown and su8i)end 
it in the water so that its lower edge is exactly 2.54 cm. (1 in.) above the bottom of 
the glaas vess(4 ‘ and it.s upper edge i.s 5.08 cm. (2 in.) below the surface of the water. 
Allow it to remain iti the water for 15 minutes before applying heat. Suspend the 
thermometer .so that the bottom of the bulb is level with the bottom edge of the cube 
of pitch and within 0.035 cm. (1 in.), but not touching the cube. Apply the heat in 
such a manner that tla* temperature of the water is raised 9° F. each minute. ^ The 
terniierature recorded by the thermometer at the instant the pitch touches the bottom 
of the glass vessid, shall be reported as the .softening point.” 

“The limit of accuracy of the test is ±0.9° F.” 

For l*it('hcs Fuauifj ahore 170° F. 'I'he heating is fierformed in an air bath in the 
up[)aratu.s iMiist rated in Fig. 179. The cube should be suspended in line with the 
observation windows, and the* th(‘rmomcter bulb brought to the .same level. The tem- 
peratun* is rai.sc'd 9° F. per minute, and recorilerl by the thermometer when the cube 
dro[).s 1 in. To make the re.snlts obtained by this method correspond approMinately with 
those obtained m water or oil, 12° F. should be inlded to the observed fusing-pomt. 

Investigations of the relationship between the ('ube and the Hall-and-King methods’ 
indicate that the results vary consalerably, deiiending largely upon the nature of the 



Fk;. 17S. -('nbe-in-\Vat<‘r .Method for 
Ixiw' Fusiiig-point Substances. 



Fui. 179.— ()ube-in-.\ir Method for High 
Fusing-pomt Substanct's. 


products tested and their fusing-points. No exact factors can be given. The relation 
between the fusing-jHant by the (’ube method with the results obtained by the Schutte 
consistency tester, the I'mgler viscosimeter and the float test have also been investigated. ^ 

I A Bhpct of paper pliieed on the hottoni of the (tings vessel and eonvenienllv weiuhted will prevent 
the piteh from sliekitiK to the (ilnss ve.ssel, thereby saving eonsidernble time .niid troiilile in eleurnng 
• Iligid adherenee to the jireseiibed nvte of henting m iibsulutely essential in order to seenre nreiiraey 
of results The rate of rise of teiiiperiiture shall be uniform and shall not be averaged over the period 
of the test. The innximum pt'rmissible vnimtion fiir anv minute period after the first three shall 
be ±0.09“’ P. .\ll tests in whieh the rate of rise in temperature exeeeds these limits shall be rejeeted 
’"Methoils for Determining the Melting-Point of Asphalts," by J G Miller and P P. Sharpies, 
Proc. Am. Sor. Tr.\hng Mat malt, 14 , Part II, 503, 1)14; "Report of Sub-Committee on Softening 
Point," Pior. Sor TruOng Afahnalm, IS, Part I, 341, 1915. 

* " Heliitlon between the Melting-Point and the Viscosity of Refined Tars,” by P. P. Sharpies, 
/. ItiJ. Eng. «, 2s,’>, 19U, 
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Test 15d. Flowing Temperature. This trst h;»s Iwn |)n)|M)s<Ml by Clifford 
I{i(*liardfM)u ' and (‘insists in hoating a small < uIk‘ inoasiiring 1 cu mtn. on ii micro- 
S(*opi(‘ coviT-gliLss (No 2-0) floiib'd on the surfatv of imTcury (or sohh'r in fin* last* 
of the very high fii8ing-i>oint asphalts or asphallitos', m a ihn-p a o/, s»'anih*ss (in 
iMix (.Ainmcan Can Co.) 5.:) (‘in in diaini'tor and a.') <*in. divp. lilhal (o a distamr 
of I in. from the top, ^\lth nu'rcnrv or solder, 'riii" i> eovereii with an in\(‘rled 
funnel from which the stem lias Inaai cut and a (hermoiiK'ter mtnMhiei'd through 
the orifi(‘e until the bulb is immersi'd. The h(‘a( is mcreasi'd at (he uniform Vpird 
of 0° F. jM'r minute, and the ((“inperalun* rt'eonh'd wh(*n (he speeiinen spreads out 
in a thin film ovi’r the cover-glass. 'I'lns is d(*signat(‘d as its ‘‘(lowing-pomf 

Test 16. Volatile Matter. Tliis i.s usml for identifvitig; v.irinns hilti- 
iniiKUis in:it(‘niils. Thus in tlu* east' of asphalts, llu* volatilizatiou test will 
oft(‘ii s(‘rvo to identify soft nalivt* asphalts which eoiitam larger |)erc(‘iit- 
ag(*s of volatil(‘ neittiT than soft residual or blown petroleum asphalts. 
('u(-l)ae!\ products also carry a largi* p(‘rcentage of volatili' const it laml.s. 

'Pile ((*s( ma> also be iiNcd to deteiiiiiiie the adaptabiblN’ of a bituminous sub- 
slanee for certain di'tinitc* purpo.ses, uheo* it laMonies necessarv to heat il (o high 
((‘inpeiat ures, as for example in (he paving mdu''(t\ oi m inanufaeluring bi(umim/(‘d 
loofmgs and floorings. It likewise ,<-ei\e'. as a xahiabh- adjunel for gauging (he iini- 
forniitv of siiiiplx and for purpose's ol factory control. It abo fiiimsla's mu intlinihoti 
of (he \\('atherproof properties eif (he* material. Other (lungs being e«iual, bi(iimme»us 
siibstancfs sheiwiiig the* sniallext perci'iitage of xolatile mat tel will preive most we-alher- 
preieif e»n exposure to the* el('lIle‘llt■^. It slioul»i be ne>t(‘el, how(*\ei, (hat the volatllltv 
test alone must neit be taken as the final ciite-rieui as to wh(*tli('r oi not a bilummems 
.substance is we-alhe-rpioeif, .siiie e* other fae teas .should also be taken into consieleiat lein 
(see p. ,‘{1.')). riie* volatility test may be* ie*garel<‘el as an ae’ceh'rateel (I'st, .showing the* 
le».s.s of volitlle eonstll Ui*nts CXelusixe of wate*r wh|e*h will take* pla'e llpeili e*xposun* 
to the* we*ath(*r in ii relativ(‘lv thin la>ei, fe»r a long (iiik*. 

e 'Fhe following nielhoel has bee*n adopteel bv the* Am(*rieaii Se)ei«*tv for 'Pe'sling 
Mat(*rial.s,’ for deteTiniiung the* lees*, m w(*ight (e*xe hi.siv(* eif wat<*r) of eeil anel asphalt le* 
eompeiunds wh(*n h(*ated as de*serib(*el 'Phe mate’iial under (*xaminatiein must tlien*- 
fore first b(* t(*.ste*d feir wat(*r, and if wat(*r is found to be pre*se*nt, it must be n'liieevi'd 
bv .suitable* metheiels eif de'hvdratieni b(*fore* the material i.s subjeet(*d to the hess ein 
li(*a(mg (("*(, or ane)the*r samph* obtaitu'd wliie-h is fns* frenii water. 

‘■'Pile* o\e*n may be (*itlie*r e*ircular eer reetangular m form and may Im* h(*ate*d by 
either gas eer el(*e*tri(‘it> . Its interior eiimensiems .shall lx* as feellows Height, not le•HM 
than 10, 01 cm. (10 in ); width and depth or diamet<*r. at lea.st 4 OS cm (2 m.) greater 
than the* diame'ter of the revolving shelf. It^ shall abee la* well ventilat(*d and shall 
be fitte*d with a window m the up|M*r half of the* ehair, see placed and of sufficK'iit size 
to |)(*rmit the accurate r(*aelmg of (he (h(*rmome(er without e>)K*ning the door It shall 
b(* provid('d with a |K*rforated circular shi'lf preferably of approximati'ly 21 H cm. 
(9.75 in.) in diameter. (A recommended form of aluminium sh(*lf is shown m Fig. 180.) 
This shelf .shall lie pla(*ed in (he center of (he oven and shall be sus})<'nd(*d by a vertical 
shaft and provid(*d with mechanical means for rotating it at the rate of .5 to (I revo- 
lutions |)er minute. It .shall Im* provided with n*cx‘8s<« e(|uidistant from the (rntral 
shaft in which the tins containing the sample* arc to lx* placed.” 
t ' "The Modern Asphalt Pavement, ” 2nd Edition, 5.38 

‘ ‘‘Tentative Test for Lom on Heatinn of Oil and Asphaliir Compounda" (Serial Deaifnatioo: 
D 6-19 T ), A S T. M fen/a/ire Standardn, for 1919, p, 732 
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‘7k thermmterskll be between 12J cm. {Sk)andJ5.24cm. (einjinkr^ i, 
and the mercury hulh shall be from 10 mm. (0.39 in.) to 15 mm. (0.59 in.) in 
Tho soak shall he engraved on the stem, shall be clear cut ami distinct, and shall nin 
from 302 to 347'’ F. in F. divisions and shall commence substantially 3.81 cm. 

(U in.) above the top of the bulb. Every fifth degree shall he larger than the inter- 
mediate ones and shall be numbered It shall be made of a suitable quality 

of ^ass and be so annealed m to not change its rea<lings under conditions of use. It 
shall be correct to 0,45° F., as determimsl by comf)arison at full immersion with a 
similar thermometer calibrated at full immersion by the U. S, Bureau of Standards.” 

“The container m which the sample is to be tested shall be of tin, cylindrical in 
shape, and shall have a flat bottom. Its inside dimensions shall bo substantially 
as follows; Diameter 55 mm. (2.17 in.); dejrth, 35 mm (1.3.H in.).”‘ 

“The sample as received .shall be thoroughly stirred and agitated, warming if 
necessary, to insure a eornpleti* mi.xture before the portion for analysis is removed. 
Weigh 50 g. of the water-free material to be te.sted into a tare<l container of the form 
described. Bring tin* oven to a temperature of 325° F., and place the tin box con- 
taining the sample in one of the recesses of (he revolving shelf. The thi'rmometer 
shall be immersed for th(‘ de|)th of its bulb in a .separate 50 g. sample of the material 
under test, placed in a similar container, and shall be I’onveniently suspended from 
the vertical shaft. This sample shall re.st in one of the rec(‘sses upon the saiiu' shelf and 
revolve with the sample or samples under test, 'riieii close the oven and rotate the shelf 
5 to 0 revolutions per minute during the entire te.st. Maintain the temperatun' at 325° 

F. for 6 hours, then remove the sample from the oven, cool and w(*igh, and calculate the 
loss due to volatilization. During the 5-hour period th\‘ temperature shall not vary more 
than 2° F. All tests showing a greater variation in tempi'rature shall be rejected,” ■ 
“Uji to 5 per cent lo.ss in w'eight the results obtaiiK'd may be considered as correct 
within 0.5. Above 5 per cent loss in weiglit the numerical limit of error increases 


0.01 for every 0.5 per cent incrca.se in loss by volatilizal 

:ion .‘IS follows: 

Volatilitation, 

N uinerical 

rtuf Vi)ltttiliwihon, 

I.osM, iMT cent 

('orrection 

I.tiHfl, |H.*r cent 

5 0 

rfcO 50 

4 .W to 5 .50 

5 5 

±0 51 

4 91 to 0 01 

0 0 

drO 52 

5 4S to 0 52 

10 0 

±0 00 

9 40 to 10 m 

15 0 

±0 70 

14 30 to 15 70 

25 0 

±0 90 

24 10 to 25 IK) 

40 0 

±1.20 

38.80 to 41 20 


"Under ordinary cireumstances a number of samples having about the .same degree 
of volatility may be tested at the .saini; time. Samples varying greatly in volatility 
should be tested separately. Where extreme accuracy is reiiuired not more than one 
material should be tested at one time and duplicate samples of it should be placed 
simultaneously in the oven. Such duplicates shall check within the limits of accuracy 
given above. Results obtained on samples showing evidences of foaming during the 
lest shall bo rejected. ” 

"When the ptmetration of the sample after heating is required, melt the residue 
at the lowest possible temiieraturc and thoroughly mix by stirring, taking care to 

* A 3-oa. Gill style ointment box, deep pattern, fulBlls theie rrquirementa. 

* If additional periods of heating are desired, it is recommended that they be made in successiva 
iacrementt of 5 hours each. 
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fivoitl incorporatinK nir hvil)hh*s iii the nvifis. Thon bring; it to the strtmfiinl t(Mn- 
IMTntim* and tost as jiroscnlxHi. " 

Tho ovon ordinarily oniplovod for doitrininin^ flio volalilo luattor, illustralod in 
EijI. pom|s>s(*d of a cylindriral willi a hmjjotl rovor. surroiindtal by an 

insulatod jackot, \Mtli an air-spaco m botwirn a< tinn as a tluc t<» carry off the hot Rases 
generated l^y the ring-burner underneath. The teinperatun* may be conveniently 
regulated by a inercury tlierniostat 

An e.vten.sion of tins te.st reconiinendisl by flu* author, consists in luaiting tin* sample 
to r>tK)° F. for 1 hours. This is atkisablc inevannnmg relatively n»»n-volat lie asphaltic 
jmKlucts, whieli would show but a fraction of a per cent loss by the foregoing iiiel hod. 

Test 17. Flash-point. The Ibish point is list'd primarily for deder- 
minirig tlio adaptability of bituminous .substances for certain definite 

1 J'ic 



Fig. iso.— S helf for Volatility Oven 


usages, ainl serve* ■! as a criterion of the fin* Inizard. It should Im* at least 
50 ° F. higher than the maximum tem|)<‘rature to whieh the bituminous 
substance will be subjected in the proee.ss of blending or utilization. 
This test is also sometimes used for gauging the uniformity of supply 
and for purposi’s of factory eotitrol. 

A nunilier of flash-point testers have lK‘en propostui, of which the 
following are most generally u.sc'd: 


Test 17a Pensky-Martens Closed Tester. This appamtus has licen adopted 
« standard by the Govymmont of the I n, ted .sta,..», and foreip, Kovemna;,.,. to 
testing high flash-point bituminous materials 1 he instrument is ilhi.strated in lig. 182, 
and consists of an oil cup «, in a metal heating vessel h. surrounded with a flim^ 
top to prevent loss of heat by radiation. An onfir* c iMirmits the overflow of the 
oil into the jacket d betww^n the oil cup and the heating vessel. It is hkwise pro- 
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videtJ with a mcclianical stirring dcvicic e, the thermometer /, the test flame g, 
burner i, wir(\ screen j, and spring k to work the slide under the test flame. 

The approximate flash-point is ascertained by a preliminary test. The melted 
bituminous substance is poured into the Pensky-Martens tester, which should be 
perfectly level, taking care not to splash any on the sides of the cup, or to cause 
any froth on the surface. All bubbles should lie pricked with a heated wire. The 
test flame is then regulated to correspond in size with the ivory bead on the cover 
(to burfi 0.1 cu.ft. coal gas per hour). The burner i is lit, and the contents heated 
rapidly at first until the tenificraturc reaches 50® F. below the exjiected flash-point, 
whereupon the rise in tcmjierature should be controlled to increase exactly 5® F. 
per minute. At each degree the milled head k is turned and the flame g tilted 



Courtesy of Win nockcl A Co. 

Fio. 181. “Volatility Oven. Fio. 182.— Pensky-Martens Closed Flash- 

point Tester. 


into the cup for exactly one second. The test is continued until the flash-point occurs. 
Any slight flickering or spreading of the flame is ignored. The end point is evi- 
denced by an unque.stionable flash. The apparatus should be protected from 
draughts, and the sample stirred continuously during the test. If the thermometer 
is graduated to read for total immersion, the stem-correction should be applied. 
When this is done, it is suggested that “corr.” be added to the reading, thus: 
“ Flash 379® F. corr." 

A simplified form of Pensky-Martens tester for approximately determining the 
flash-point, consists of a glass beaker or metal cup having the same dimensions, 
namely 5.0 cm. in diameter, and 5.5 cm. in depth, filled to within 1.8 cm. of its 
upper rim with the material to be tested. This is supported on a sand bath and 
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the thermometer bulb immersed in the bituminous material without, however, 
touching the sides or l>ottom. The test flame is adjuste<l to a 3 mm.* cross-section, 
and the test ix;rforined exactly as de.scril>e<i for the l*ensky-Mart«ns tester.* 

Test 17b. Cleveland Open Tester. This ai>|tanitus, lilustnitcd in Fig. 183, 
consists of a bniss cup n, holding 100 c^‘, sup|K)rfed in an outer vessel h, with an 
air space between. The thermometer c is freely sus|K*ndt‘d in the bituminous 
material, so the bulb is totally covered. The cup is filled to 1 in. from t|ie top, 
and the bituminous material heated at the rate of 10“ F |H‘r minute. As the 
flash-point is afiproaehed, the (e'^t-flame, which should Ir‘ T) mm. long, is slowly 
u oved back and forth, no the top of the flame comes 2-3 mm. from th(‘ surface of 



Fio. 18,3.— Cleveland ()}H‘n Mash-i)Oint Fia. 181.— New York StaU* Closed Flash- 
tester l>‘>"d 'IV.ster. 

the liquid, without, however, touching it or the .sides of the container. This is 
refieated every 2° F. ris (5 in tem|K’ralure until the vajKirs flash.* 

Test 17c. New York State or Elliot Closed Tester. Thi.s is illustrated in Fig. 
184 and (^msista of a 300-cc. cop[)c*r container C, hcuterl in an oil bath />. Fhe 
cup is provided with a glass cover, carrying the themuHneter li and a hole for 
inserting the te,st-flanie, the latter laang mm long. I he te.st i-s carried out by 
heating the contents with the burner A as in the foregoing, and the rise in tern- 
perature carefully regulated to 10“ F. |>er minute.* 

I'Tliiah Point of hy I C Allen and A .S Tech Paj>er .No Petrfdeum 

Technology 10, Dept of Interior, Bureau of Mioee. Waah .DC. lOl.'f 

Laboratory Manual of Bituminoua Materiala,” by PrfvrM Hubbard, N V . f,.*,. iyi6. 

«'• Petroleum and lU Producta," by Boverton He<Iwood. Volume 2, 577, 1906, •*Uboratory 
Manual of Bilumioous .Materiali.” by Prt\c<«t Hubbard, .N Y , Gb. 1916. 
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Tesf 18. Burning-point. The burning-ix>int is used to supplement 
the flash-pdnt, and is of value in determining the adaptability of 
bituminous substances for particular purpases, from the standpoint of 
fire hazard. The test may be performed in any of the apparatus 
described under flash-point (Test 17). In determining the burning- 
point, .the cover of the tester is removed, and the heating, also ex- 
posure to the test-flame continued in the same manner as for the 
flash-point, until the vapors ignite and continue to burn. 

Test 19. Fixed Carbon. This test is used solely for purposes of 
identification, and is generally restricted to asphaltic products rather 
than to tars and pitches, since the fret; carlK)n in the latter will inter- 
fere with the results. Accordingly, if this test is performed on tar 
products, the free carim should be a.scertainc(l separately (Test 31) 
and its weight derlucted. 'I'ht* {XTcentage of fixed carl)on is especially 
useful in difTen;ntiating the asphaltites, the asphaltic pyrobitumens, 
and the non-asphaltic pyrobituniens. 

The test is performed in the following manner:' 1 g. of the material is placed 
in a platinum crucible weighing 20-30 g., having a lightly fitting cover, and heated 
for exactly 7 minutes, with a Bunsen flame 20 cm. high, the mouth of the burner 
l)cing 6-8 cm. below the bottom of the cnnrible. 'I’he te.st should be made m a 
place fnK; from draughts. The crucible is then transferred to a d;siccat or, cooled 
and weighed, whereuiMUi the cover i.s removed, and the crucible ignited over the 
full flame of a Bunsen burner, until nothing but a.sh remains. Any carbon deposited 
on the cover is also burnt off. 'I'lie weight of the first residue le.s8 the weight 
of ash gives the weight of fixed carbon, which should be cnlrailated in percentage. 
If the ash contain.s carbonates, it should la* treated with a few drops of ammonium 
carbonate solution, and heated a minute or two at red heat, before cooling and 
weighing. 

In the presence of mineral matter, the percentage of fixed carbon should be cal- 
culated on the ba.si8 of the non-mineral constituents. Mineral matter docs not 
vitiate the results ns it merely acts as a diluent. Thas a pure grahamite containing 
0.2 per cent mineral matter and .52.22 [wr cent fixed carbon, when mixed with an 
equal weight of clay, tested 26.33 per cent, equivalent to 52.7 per cent fixed carbon 
on the basis of the non-mineral constituents present. 

Test 20. Distillation Test. The value of this test is to ascertain 
the adaptability of bituminous materials for a given use, generally for 
road treatment: also for gauging the uniformity of supply, for pur- 
poses of factory control, and most important of all as a criterion of 
the quality. This test is generally applied to tar products as an eiiuiv- 
alent of the volatility test (Test 16). Two methods are generally 
employed, one known as the “ Flask Method ” suitable for bituminous 

'J, Am. Chfm. Soc , II. 1110, IRW». **Fixe<l rarhon in Bituminona ^fatcrlala, Ita Dctarmina- 
tiOD »od Valu* in Sperifiration*," by I. Kirechbrnun, Eng Contr , It, 172, 1913. 
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materials intended for road treatment, including Iwth tars and aCSplialtic 
prmlucts, and another known as the “ Hetort Method ”* for testing 
creosote oil intended for impregnating timber The bituminous mat<‘> 
rials must l)e dehydrated (Test 25), k^fore k'ing subjected to distilla- 
tion. According to Sharpies * the distillation te.st its appli(‘d to tars 
kcomes of value in identifying the kind used (up('n (hdermining tlu* 
specific gravity of the fractions distilled), as a means of distinguishing 
a cut-back tar from a straight-<hstillcd tar (ui)on determining the spe- 
cific gravity of the fraction.s, their \iscosity, also the fusing-point of the 
residue), and for detecting the prestuice of abnormal amounts of naph- 
thalene. 


Test 20a. Flask Method of Distillation. If w.nter prostMit, ()ic IuIiiimiiioiih 
material must first k (leliydriitcd 'Plus may i)C coiivemently j)erformed by dis- 
tilliia’’ .'iOOee in an K(M)-e c c()j>j>er still, provided with .i 
\\ater-eof)lcd conden.ser, the distillate king caught in a 
L’(K)-c c separatory funnel When all the water is ex|K*lled, 
the distillate is allowed to settle, the water drawn off and 
the oils returned to the residue in the still .iftcr the con- 
tents have cooled below 212° F 

'Pile apparatus a.s assembled is illustrated in Fig IST). 

It eonsists of 2.5()-c c. Fngl<*r distilling lla.sk of the follow- 
ing dimensions, diameter of bulb SO cm ; length of neck 
ir)0 cm , diameter of neck 1.7 cm ; surfaci* of material 
to lower side of lubulature 11.0 cm ; length of tubiilature 
l.‘)0 cm.; diameter of tubiilature 0 0 cm ; angle of tubu- 
laturc 75°; with a i)crmi8.sible variation of jht cent from 
the foregoing measurements 

The condenser tuk shall have the following dimensions: 

! dapter 70 mm.; length of straight tube I S.5 mm.; width of 
tube 12-15 mni ; width of adapter end «tf tuU; 20 25 mm. 



A carefully standardized thermometer should Ik* u.sed ^ Fn;. 1K5 --I'ljisk Method 
The cylinder used for collecting the distillate shall ha\c of DiHtilhitioii. 
a capacity of 25 c c and be graduated in 0 1 c c i’he 

burner should k provided with a tin shield 20 cm long by 0 cm in «liameter, 
having a small hole for observing the flame. 'Phe thermometer bulb should Ik; 
placed opiKJsitc the middle of the tubuiatiire. Pour 100 e c. of the dehydrated 
bituminous material into the Kngler fla^k ami weigh 'Phen commence to distil 
at the rate of 1 c.e. |)er minute, ihunging the receiver us the mercury column 
passes the following fractioning points, refsirting (he fractions by w'eiglit and by 
volume : 


Stort to no® C.; 110-170° C.; 170 2.35° C; 2.35-270° C.; 270 .300° ('/, and 
reeidue. 


> “ Diitillmtiori of Tar,” J Ind Eng Chim , 6, 46(1, 1913. 
*/Vor Am Soc TtM\ng Matmaii, IT. Part I. 474, 1917. 
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The residue is weighed after the distillation is completed and the flask cooled.' 

Test 20b. ^Retort Method of Distillation. This method is adapted principally 
for analyzing creosote oils suitable for impregnating timber.* The distillation is 
[lerformed in a glass retort, having a capacity of 250-290 c.c. (measured by placing 
the retort with the bottom of the bulb and the end of the offtake in the same 
horizontal piano and |)ounng water into the bulb through the tubulature until it 
overflows through the offtake). The length of the offtake should be 25-30 cm., 
its intcfnal diameter next to the bulb approximately 2 85 cm., and the diameter 
at the ojicn end approximately 1 25 cm. The diameter of the tubulature should be 
approximately 1.9 cm. 



from A S T M StarKiftriis. 
P’ro. ISO - Asbci^tos Shield for Retort 


The condenser tube shall have the following dimensions; diameter of small 
end 12.5 mm. with a variation of 1 5 mm.; diameter of large end 28 5 mm. with a 
variation of 3.0 mm.; length 3tyo mm. with a variation of 4 t) mm. 

The asliestos shield for the ret.ort shall have the form and dimensions illustrated 
in rig. 180. The receiver shall consist of Krienmeyer flasks of 50-100 c.c. capacity, 
and the tliermometer sh;dl l>e carefully standardized.* 

The ap|)aratus is a.sscmbled as illustrated in Fig. 187. E.xactly 100 g. of dehy- 
drated creasotc oil are distilled at the rate of not less than 1. nor more than 2 drops 
per second, the distillate being collected and weighed in the receiver. The condenser 
tul)C should be warmeil whenever necessary to prevent the accumulation of solid 
distillate, and the receiver changed as the mercury passes the dividing tenijicraturcs 
of the following fractions: 210, 235, 270, 315 and 355” C. When the temfierature 

'"Stumiard Methat for Diatillation of Pitimaitoiia Materiala Suitable for Road Treatment," 
(Serial DofliKnatioii, 1) 20-1 ft) Book of .4 .S T M .'^tandnnh, .'i40. 

*" Standard Method for SampIinR and Aiial)si;« of rrctwoto Oil" (Sninl Drsignation, 1) .3H. 
17) .4. .S T. M Slnmhnh Adopted in t0t7. 30 

'"Standard Methods for SampliiiR and .Anniyais of Cn'osoto Od" (Srrial Designation: D 38-17) 
d. S. r. M. Standardf Adopted in 1917, 3tl. 
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registers 355® C., the flame shall Ije removed from the retort, ttiul any oil’ which 
has condensed in the offtake drained into the 355® fraction. The retort is wwlcd 



From A, S T, M SlatxJarda. 
Fk; 1S7 “ Itctort Method of Di.stillation. 

and revveighed to a.scertam the amount of residue, whieh is generally tested by the 
float test (Test M) The various fractions should t)C rejwted by weight and also 
by volume, and their specific gravities calculated. 
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SOLUBILITY TESTS 

Test 21. Solubility in Carbon Disulphide. The percentage soluble 
in carbon disulphide is useful for purposes of identification, for ascer- 
taining the adaptability of a bituminous substance for a given purpose, 
for gauging its uniformity of supply, and as a criterion of its (juality. 
(i.e., purity, and consequently its intrinsic value), ('rude bituminous 
materials arc often purchased on the basis of the percentage soluble in 
carbon disulphide. The pre.sence of non-mineral matter insolul)le in 
carlx)n disulphide is an indication that the material has l)een carelessly 
prepared and overheated in its process of manufacture. 'Ihe presence 
of mineral matter may l)e regarded as an adulterant. In the case of 
native asphalts, the larger the percentage soluble in carlK)n disulphide, 
the greater their intrinsic, value, 'rhe percentage and (composition of 
the mineral matter will often indicate the source of the native asphalts. 
Asphalts derived from petroleum are .substantially free from mineral 
constituents, and with the po.ssible e.\{‘eption of the harder grades, con- 
tain little to no non-mineral matter insoluble in carbon disulphide. 
This l(cst is somotim(‘s employ(‘d for determining the value of tars and 
pitcches, although the solubility in hot benzol-toluol is generally used 
for this purpose (Test 24). 

With native asphalt containing over 10 per cent of mineral matter, 
it is ad isable to separate the portion soluble in carbon disulphide for 
ascertaining its physical characteristics (Tests 1-12), fusing-point (Test 
15), and sometimes fixed carlx)n (Test 10). 

Test 21a. Solubility in Carbon Disulphide. The tests generally employed for this 
purpose have been devised by the Am. Soc. Testing Materials ‘ and arc .substantially 
as follows, deviating slightly in phraseology. 

The bituminous material should first be freed from moisture. If semi-solid 
to solid it may be heated in an oven 125* C. for 1 hour, provided it is .substantially 
free from volatile matter at this temperature. If volatile materials are present, 
it should be dehydrated by distillation at a low temperature, the water-free distillate 
being returned to the residue, and thoroughly incorporated with it. 

1 "Standard Tost for .Soluble Bilmnen” (.S«'rinl Designation. D Ml). .4 S T M. SlandartU 
Aiiopt$d in 1910, .Vi.S, "Tentative SiH'cifieationa for .\8phHlt for IVe in Dninp-prootiiiK an.l Wafer- 
proofing” (Serial Designation; D 40-17 T), I'ruc .Dn .Sor Testing Mairnah, 17, Part I, 714 1917. 
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Sufficient of the dehydraleJ material to insure the presence of 1-2 k sohible in 
carbon disulphide is weighed into a 150-cc. tared Krlenn.eyer flask, jind 100 c c. 
of (• p carbon disulphide poured into the flask in small portions, with continuous 
agitation until all the lumps disapfiear and nothing adheres to the iMittom The flask 
IS then loosely corked and set aside. From this jioint on. one of two mctluxis may 
l)e followed, dejiendmg on whether or not the bituminous material contains a suli- 
stantial quantity of finely divided in.'^oluble matter. 

pTocedurt I 'scd in the Presence of SuhsUintud Qnnntdies of Finely Dmded' Insol- 
uble Mailer. The flask is set aside to settle for 48 hours, and the solution decanted 
into a second tared flask, j>ouring off as much of the solvent as jMjssible without 
disturbing the residue The contents of the first flask arc again treated with a 
quantity of carlion disul[)hidc, shaken as lief«»re. and both the first and second 
flasks allowed to settle for another 48 hours 'fhe h(;uids in both flasks are then 

carefully decanted ufnm a weighed (looch crucible (measuring 4.0 cm. wide at the 

top, tripering to 8.2 cm. at tin* boitom, and 2.5 cm. ihvp), carrying frc.shly ignited 
long-fibrcd ampliiboli' (a.sl)c>tosi compacted m a laver not over 1 in. No vacuum 
IS to be used m filtering, and the ti'inpcratiire of the li(|Uid kept between l>5 and 
77’ F The residue reinaiiiiiig on the filter is thoroughly waslii'd with carbon 
disulphide until the filtrate liecoines clear. The flasks are again shaken with fiesh 
carbon disulphide, allowed to settle for 21 hours, or until it is wh'ii that a good 
subsidation has taken place, and thereupon decanted through the filter 'fhe 

residues remaining in both flasks are washed until the washings are practically 
colorless, all washings being pas.''ed threugh the (lowh crucible 

Procedure FoUoued unlh Malcruds ('onUuning IaIIIc to no Finely Dmded Insol- 
uble Matter. This method is used for rapid work where the bituminous material 
does not contain instilulde matter which would clog tin* pores of the filter After 
adding the carlxin disulphide, the flask is set aside for 15 minutes, whereupon it is 
filtered through a weighed Cooch crucible 'J'he Inpiid must be deianted with 

care, and the decantation stofii ed at the first sign of sediment coming over 'fhe 
sides of the fla.sk are wa.shcd with a small amount of fresh carbon disulphide, and 
the sediment caught on the filler, using a “ |Kiln‘eman,” if nei-essary, to remove all 
adhering material 'fhen wash residue on f.ltcr with carbon disulphide until the 
washings are colorless, and continue the suction until the odor of carbon disulphide 
IS scarcely detectable. The outside of the crucible is cleaned by a cloth moistened 
with a small amount of the solvent. 

In both priK-cdures, the cniciblc and contents, likewise the two flasks in the 
first metlaxl, are heated for one-half hour at 220® F., cmded in a desiccator and 
weighed. The difTcrence lictween the weight of the dehydrated material taken 
for analysis and the weight of the residue, represents the jirojH^rtion soluble in 
carlion disulphide.' 

The author finds that in the fircseme of large quantities of finely divided insol- 
uble matter, the method may lie materially shortimed by adding a weightcxl quan- 
tity (about twice the weight of bituminous matenal) of freshly ignited, long-filjered 

‘For a diacuMion of the method, see "A Study of Certain Melhr>di for iJelermiiiinK Total 
Soluble Bitumen in Pavin* Mate^isl^" by S Avery and R Corr. J Am ('h>m .SV . M, C»4H. 1906; 
"The Procimate Comp^iaition and PhMucal Mrurture of Trinidail Aaphalt, with Sirttru) Beferenre 
to the Behavior of Mutiirea of Bitumen and fine .Mineral Matter," by Clifford Rirhardaon. 
Proc Am S<K Trying Matrnalji. I, .V)9, lOOtl, "The Determination of Soluble Bitumen," bv 
Hubbard and Reeve. Proc Am Soc Tftttng MaimdM. 10. 420, 1910, "The Bitumen Content of 
Coarae Bitumjnoue Aggregatea." by Pi^voat Hubbard. Pror. Jul TfMing Motmalt, XXV-2. 

1912 
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amphihole to the bituminous substance in the first fiask. On shaking with carbon 
disulphide, tlie asbestos serves to dilute the insoluble matter, preventing the latter 
from clogging the pores of the Biter, and accordingly reducing the time of filtration. 
In many cases this procedure may be adopted to good advantage. 

Test 21b. Non -Mineral Matter Insoluble in Carbon Disulphide. The total 
weight of the insoluble matter obtained in the foregoing test, includes both the 
non-mineral matter insoluble in carbon disulphide, and the mineral matter. The 
former "is determined by igniting the residue in the (looch crucible (to which must 
be added the residues remaining in the flasks) until no carbonaceous particles 
remain, leaving only the mineral ash. Add a few drops of ammonium carbonate 
solution to the residue, ignite for a few minutes at a red heat, cool in a desic.ator, 
and weigh. The loss in weight on ignition represents the " non-mineral matter 
insoluble in carbon disulphide.” 

Test 21c. Mineral Matter. The residue obtninc:! in the foregoing test repre- 
sents the mineral constituents. When calcium carbonate is present it is necessary 
to ignite the residue with ammonium carbonate before finally weighing, as it is claimed 
that any sulphur present in the bituminous material reacts with the calcium car- 
bonate forming calcium sulphate and calcium sulphide.' The loss of any water of 
hydration from clays, etc., and the o.xidation of iron pyrites to ferric oxide, will 
also affect the results (see p. .'iltl). The mineral matter may be checked by igniting 
a fresh sample in a platinum crucible to clean ash, ailding a few drops of ammonium 
carbonate, re-igniting an<l weighing. If the two results do not agree, evaporate the 
filtrate containing the bituminous matter soluble in carbon dLsulphide (Test 21f/), 
burn. Ignite and weigh the residue. The weight of the ash derived from the 
bituminous matter soluble in carbon disuliihide should be added to the original 
residue of insolublo mineral matter (Test '21fi). This may rejiresent coilodial 
mineral particles, which are not retained by the filter, or else mineral constituents 
combined chemically with the bituminous matter (see p. blV.)). 

Test 22. Carbenes. The expression “ carbenes " has been applied 
to that portion of bituminous substances soluble in carbon disulphide 
but insoluble in carbon tetrachloride. Thi.s term was origitially pro- 
posed by ('lilTord Richardson.^ This test is of value in identifying 
bituminous substances, gauging their uniformity of supply, for purposes 
of factory control, and as a criterion of their quality. Certain hard 
native asphalts and asphaltites, particularly grahamite, normally con- 
tain a percentage of carbenes, whereas petroleum asphalts do not show 
carbenes unless they are overheated, or over-blown. If more than 0.5 
per cent is present in petroleum asphalts, their quality is to be regarded 
as questionable. Carbenes are found in tars and pitches in varying 
amounts.^ 

‘ "Analysts of Calcareous Aephaltutn and Paving Mixturea,” by Prettner, Chem. Zeit., t3, 917 
and 926, 1909. 

* "Carbon Tetrachloride and iU I'se as a Solution for Differentiating Bitumens," by Clifford 
Richardson and C. N. Forrest. J. Soc. Chrm. Ind., 14, 310, 100.1. 

*"8ome Relations of the Effect of Overheating to Certain Physical and Chemical Properties 
of Asphalts," by A. W. Hixson and H. K Hands, J. Ind. Enn. Chtm , f, 651, 1917, "The \alue 
of the Carliene Requirement in Asphalt Specifications," by L. Kirsebbraun, Afuni'e. Eng., 85, 349, 
1909, 
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I his t€8t is cftiried out by following tho same proo^ure as in dotsmiihing (he 
solubility in carbon disulphide (Tost 21/»), but replacing (ho latter, with carlM)n 
tetrachloride. The carbon tetrachloride must l)e free from carlK)n disulphide, 
which may be insured by distilling it under a dephlegmator, discarding any distillate 
lelow 76® C. The solvent is then filtered through calcium chloride, and any free 
hydrochloric acid removed by blowing dry air through it. 

The carbon tetrachloride is allowed to act on the bituminou.s substance over- 
night, care being taken to keep the vo.ssel in a dark place to jirotcct it froni day- 
light or sunshine.' Richardson propo.se8 blowing a gentle current of air through the 
solution in the dark for 1 hour’ to coagulate the insoluble matter and assist in the 
filtration. The difference lietween the |x*rcentagea soluble in carlion disulphide and 
carbon tetrachloride resjicctively, represents the ix*r (*nt of “ rarlx?ne8!”‘ 

Test 23. Solubility in 88° Petroleum Naphtha. This tost is em- 
ployed mainly for purposes of id(‘iititication. It is also used to a cer- 
tain extent for determining the adaptability of a bitumnimis substance 
for a given use, for gauging the uniformity of supply, aiu) for purposes 
of factory control. As a general principle, the harder the bituminous 
product, the smaller the percentage that will dissolve in <S8° naphtha. 
Asphaltites are relatively insoluble in this menstruum. Mineral waxes, 
peat-, lignite- and shale tars or pitches are largely soluble. The solu- 
bility of native and petroleum asphalts varies, depending largcdy upon 
their hardness, and also in the ease* of ixdroleum asphalts upon the (‘xtent 
to which the distillation has been driven, (’oal-tar pitches are relaliv(‘ly 
insoluble in 88° naphtha, 

The portion soluble in 88° naphtha has Ix'on termed ix'trolenos by 
some, and “ malthenes ’’ by others, whereas the non-mineral constituents 
insoluble in 88° naphtha arc generally referred to as “ asphaltenes.’' 

It is important that the petroleum naphtha should l)c derived from petroleum 
composed entirely of ojicn-chain hydrocarlions, and tc.st exactly S8® Bauiiu'*, equiv- 
alent to a specific gravity of O.GiW at 60® F /tiO® F. At least 85 jier cent by 
volume should distil between 95 and 150® F. The density ami character of the 
naphtha is important, since heavy distillutcs, or pnKlucIs derived from petroleum 
containing unsaturated or cyclic hydrocarlxms will exert a greater solvent action uiwn 
the bituminous substance (sc*e p. 4ii7). 

This method is jierformcd in the same manner as for detennining the iwrtion 
soluble in carlxin disulphide, 88® petroleum naphtha liemg substituted for the latter. 
Hard bituminous substances should l>e jiow'dcred; liquid bituminous sulistamies 
flowed in a thin layer over the bottom of the flask; and semi-solid to semi- 
liquid subtances heated until fluid and distributed in a thin byer to pix'sent a 
greater surface to the solvent. It is advisable not to use a stirring rod, os this 
causes the bituminous substance to a<lhcre to the inner surface of the flask and to 
the rod itself. The operation should take plac»: at room temperature, and away 

> “Studies on the Csrbenss," by K. J, Msrkenwe, J. Ind Eng. Cktm , t, 124, 1910; "On the 
Formation of Carbenes," by D. B, W. Alexander, J Ind. Eng Chetn., t, 242, 1910. 

*“The Modem Asphalt Pavement," 2ad Edition, 646, 1908. 
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from the direct rays of the sun. The introduction of a weighed portion of long- 
fibered asbestos to the solution will assist in its filtration. > 

Test 24. Solubility in Other Solvents. Solvents other than those 
mentioned in the foregoing tests, such as benzol, mixtures of benzol 
and toluol (Test 31), acetone (see p. 193), etc., arc occasionally used 
for identifying bituminous substances or to investigate their adapta- 
bility for a given use. The extraction may l)e carried out cold or hot, 
but in either event the method used should be clearly stated in report- 
ing the results. If cold, follow the method described under Test 
21a, for determining the portion soluble in carbon disulphide. If hot, 
weigh out approximately 10 g. of the bituminous substance into a 
paper thimble, and treat with the solvent in a Soxhlet extractor having 
ground-glass joints. Hard and brittle bituminous substances should be 
powdered. Medium and soft substances should be mixed with five 
times their weight of long-fibered amphibole (previously ignited), or 
ten times their weight of 20- to 30-mesh Ottawa silica to prevent the 
material fusing together in a solid mass and retard the action of the 
solvent. 

Where the hot extraction is used, the operation is continued for at least 6 
hours, and \mtil no further loss in weight is recorded, whereupon the contents of 
the thimble are dried and weighed. 

'"The Modern Asphalt Pavement," bv Clifford Hirhardson, 2nd Edition, p 543, 1908. 
"Laboratory Manual of BltuniinouB Matcriala," by Hubbard, lat Edition, p. 00, 1016. 



CHAPTER XXXI 
CHEMICAL TESTS 

Test 26. Water. The estiination of water is made in some cases for 
purposes of identification, and in oth(‘rs as a criterion of the (juality. 
Native asphalts and tars are examined in this way to jiscertain wlu'tlier 
they exist in tlie crude or the dehydrated state. 'Fins test is also us(*d for 
dehydratiriK bituminous substances to rend(‘r them suitable for further 
examination, when* the pre.s(‘nce of wat(‘r would interfc'n*. 

Test 26a. Substances Distilling at Low Temperatures. 'I'his nu'thod is adapted 
to crude |x*troleuiM, tars, croo.Mite oil and other fluid hituminouH Mihstances dis- 
tilling at conipuratively low tenijx'ralure.s ‘ 'ria* apparatus is set up as shown 
in Fig. 188. The eopjH*r r.lill is provided with a reinoviihle flanged top and yoke, 



From A. 8. T M SUndartla. 
Fig. 188 —Still for Dctemiining Water. 

which with a paper gaaket will form an air-tight joint when elafniK‘d int/o place. 
The thermometer should be carefully standardised, aa provided in the Arn. »Sw. 
TeMing Materials Slatvlards, p 37. The wndenser consists of a copper 

trough carrying a straight-walled glass (ulie The separatory funnel has a total 
capacity of 120 c.c. with the outlet graduated in fifths of a euliic centimeter. 

' “ .Siandarrf Moth*KlM f«r .S.implinK and Analym- of Crfjosou* Oil " (Serial DctunaliOD: D 38*17), 
A S. T if. Utandard*, Adoptrd tn i017, 31. 
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Pour*200-500 p.c. of the hituininous material into the still and weigh. Clamp 
the top in phee, using a pajxw gasket moistened with hihrwating oil. Apply heaf 
with the ring burner supported just above the level of Ihe bituminous material at 
the l)eginning of the test., and then gradually lower it lus the water distils over, 
('ontimie the distillation until the vapor temfKTiiture reaches 205° C. Collect the 
distillate m the sejiaratory funnel, and let it stand until a clean separation of water 
takes ])lace Head oiT the volume of water, calculate its weight, and figure the 
[ler cent jin'sent in the crude bituminous material. Draw off the water, and return 
any light oil to I lie bituminous matter m the still. The dehydrated material should 
then be uscal for further te.sts. 

Test 26b. Substances Distilling at High Temperatures. This method is adapted to 
asphalts and other bituminous sut).stanees comparatively free from volatile constituents, 
and incapable of dLstillmg without .suffering deconipo.sition 

Suhstances Fimtuj hdow ii00° A’. When it is <lesned to delerinine the |)er- 
centagc' of moisture without using the residue for other purposes, a eonvi'iiient 
method consists in weighing 11)0 g. into a distilling fla.sk, adding 200 cc of kerosene 
in the casi* of lusphaltie products, or toluol m the ca.se of tar products, and uaimmg 
gently under a reflux condenser until tin* bituminous substance mixes with the 
solvent, ('ool, add a ([Uantity of dry pumicc-.slone to pr(‘vcnt bumping, and di.stil 
into a graduate until the IkiukI comes over ck'ar 'I'lie distillate is then allowed to 
settle by gravity, and the volume of water read off directly; or else the water may 
be withdrawn with a pi|K‘tte, and weighed. This method is .said to be accurate 
to approximately O.OIld g. of water |K*r 1(K) c.c. of toluol or kerosene present m the 
di.stillat/'.' 

Where the hydrated material is to be used for further e.xamination, 25 g are 
weiglu'd into an Krienmeyer fla.sk, through which a current of dry illuminating gas 
is piussed, and maintained at 11)5° ('. for 1 hour The vapors are led through a 
return condenser maintained at .'»()° (’, and then into a weighi'd cali-mm chloride 
tube. When all the moisture is driven off, the calcium cliloride tube is reweiglu'd 
and the moisture calculati'd If constilumits are prcxsenl volatilizing 1 elow 50° (', 
till' return condenser .should be mamtameii at a corresponding lower temperature 

Suhslanccs Fusing above ;t(K)° A’. In this ca.se the material is comminuf(‘d bv 
powdering (to about (iO mesh) or .shaving, and a weighed (|uantily spread in a 
thin layer on gla.ss and iiuiiiitamed m an oven at 125° D for 1 hour, or until the 
weight becomes constant. If the sulxstance is oxidizable m air, it should lx* heated 
in an atniosphere of illuminating gas. (’ool m a desiciator, reweigh and calculate 
the {ler cent moisture. 

Tests 26. Carbon, and 27. Hydrogen. Carbon and hydrogen are 
grouped togtdher, because both are generally detennined simultaneously. 
These are of value in establishing the identity of bituminous materials, 
in connection with the corre.sponding ix'rcentages of sulphur, nitrogen 
and oxygen. 

The electrical combustion method is now u.scd ahno.st exclusively for determining 
carbon and hydrogen. A weighed (juantity of the material is caused to undergo 
combustion and the gaseous pnxlucts are thoroughly oxidized by being passed over 

■"Metfiodi for the Ditermination of Water in Petroleum and its Produrts," by I C Allen 
•nd W. A. Jaeol)«, Te«h Paper 2, 'll Dept of Interior, Pureau of Mines, Wash , D C , 1912. 
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red-hot copper oxide and lead ehrornate. Tlie water }!?‘nerati*d is alit^orla'ri iii a 

weighed Marehand ealeiuni-ehlonde tula*, and the earlMin dioxide in. a tM'ighed 

Liebig bulb containing a 30 per cent Milution of potassium hydroxidi' A furnace 

of the lleraeus tyjK* (I'ig. ISO) consist mg of electrical healers a, h, and c; two of 

which, namely, n and b are mounted on sla^ave wheels running on a track so they 

niay lie moved along the comlmstion tuU*; the third heater r being stationary and 

constructed by winding an alundum or fused (juartz tube 

12 cm. long with No. Hi nichrome II wire, and enclostHl in | 

a cylinder packed with magnesia-aslx‘sto.s Heater c sur- 

rounds the lead chromate in the combustion tuln'. The ' n 

movahle heaters a and b have thin platinum foil (weighing llv 

about 0 g. in all) wound on a iKireelain or fuseil quartz ^ ^ 

eombiistioii tulie of 30 mm. internal diameter The large 

heater 6, 350 min long, surrounds the copjM'r oxide, and \ , 

the smaller one a, 2(Kj nun long, heats the .sample m the if 

boat. The combustion tube d of Jena glass or fused silica, ^ 

measuring 21 mm. external diameter and OOO nun long, is 

supjHjrted by an asbestos-hned nickel trough c The current JL-i- ^ 

tlirough each heater is regulated by separate rheostats / 

and {/, the heating eoils a and h reipiiring about 4 5 umiKTes ^ i*: « 

at 220 volts. j:; .1 

The furiiaee i.s arranged so either air or oxygen may [3 

be pa.s.s<‘d through the combustion tulie, and is erpiipiK'd ^ 

with two punf\mg trnin.s m duplicate (of which hut one is *3 

shown in the figure) connected to the combustion tuln* by T— rj y n 

a V-tube, the joint lieing made tight by a rubber stopjier 1 s 

The purifying apparatus // eontnins the following n-agents J ^ ^ 

III order of the |)as.s.ago of the air or oxygen thn.iigh them: ~7 S ® 

sulphuric acid i, for removing any traces of anunoma; a ^ ^ % 

30 IMT cent [xitassium hydroxide solution granular .M)da- x 

lime A*; and granular ealciuiii chloride / One of the pun- T > © 

fying train.s is eonneeted directly with an oxygen tank I ^ ^ 

provided with a redueing valve for regulating the prcNsiiie, JA ^ tjj a 

and the other being used for purifying the air supply, which ? ^ 

18 drawn through the apparatus by an aspirator connected ^ 

with the other end of the eombu.stion tulK* j cjzzzapc; ^ 

The first 30 cm of the combustion tuU- are empty; then ^ 

eornes an a.sliestos plug (acid-washed and ignited), the next 
40 cm are filled with eopfx’r oxide gauze, then a sirond as- 
Ix'stosplug; then 10 cm of fused lead ehromate. and finally 
another asl>e.stos plug 20 cm. from (he end of the tuU' 0~ 

The absorption (rain eonsist.s of a 4-in. L-lube in filled ■ 

with granular calcium chloride (previously saturated with 
earlxin dioxide) to absorb the moisture This in turn is 

connected to a Vanier potash bulh n containing a .'fO [x*r iTnt potassium hydroxide 
solution and granular calcium chloride. The potash bulb is eonneeted with an 
aspirator through the guard-tube o containing granular calcium chloride and toda- 
lime. A Mariottc flask p, serves to keep the suction constant. 

It is important to see that all connections are made tight. I'efore starting a 
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defe'mination or after any changes in chemicals or connections, a blafik test should 
be run by aspirating 1 liter of air through the apparatus, which is heated in tho 
same manner as though a determination were being made. If the Vanier bulb n 
or the calcium chloride tube m show a change in weight of less than 0.6 mg. each, 
the apparatus may be considered in a satisfactory condition. 

Approximately 0.25 g. of the bituminous substance is carefully weighed into a 
porcelain or platinum boat and transferred to the combustion tube which should be 
cool for the first 30 cm., the copper oxide at a bright-red heat, and the lead chro- 
mate at a dull-red heat. The boat should be introduced raf)idly near the asbestos 
plug at the beginning of the copper oxide, the stopper connecting with the purifying 
tram replaced and pure oxygen passed through at the rate of 3 bubbles per second 
The current is gnulually turned on heating coil a, which at the start should be at 
the right of the boat. By manijmlating the rheostat, and gradually pushing the 
coil towards the boat, the evolution of volatile matter is carefully controlled to 
prevent too rapid an evolution of gas and tar, which may either escape complete 
combustion or lie driven back into the purifying train. The heat should accord- 
ingly be increased slowly by manipulating the rheostat, until the sample ignites, 
whercu|)on the temperature may be increased rajiidly. Any moisture collecting 
in the end of the combustion tulie or in the rublicr connection joining it to the 
calcium-chloride tube m is driven into the latter by carefully warming with a hot 
tile. After the sample ceases to glow, the o.xygen is continued for 2 minutes, 
whereupon the heat is turned off, and 12(K) cc. air asiiirated through the trail'. 
The absorption bulbs are disconnected, wiped clean, allowed to cool and weighed 
The percentage of carbon is eipial to the increase in weight of the KOH bulb (n) 
multiplied by 27.27 and divided by the w'cight of the sample. The percentage of 
hydrogen is equal to the increase in weight of the C’aC'L tul)C (m) multiplied by 
11.19 and divided by the weight of the sample.' 

Test 28. Sulphur. This test is also used for differentiating and identify- 
ing bituminous substances. 

A numlier of methods have lieen proposed for this purpose, but the most rapid 
and accurate one consists in igniting about 1 g, of the material in an approved 
form of l)omb calorimeter, preferably of the Berthelot tyjie (500-^i00 c c. capacity), 
containing 10 c.c. of water and filled with oxygen under a pressure of 30 atmos- 
pheres. The bituminous substance is weighed on a small lump of chemically pure 
cotton (free from sulphur) and [ilaced on a small platinum cone, which in turn is 
suspended from a copjxir wire. The cotton is connected with a thin platmum wire 
forming a short-circuit lietween the suspended copjier wire and the return conductor. 

After the combustion has taken place, the bomb is allowed to cool for 15 
minutes, then ojicned up and its contents washed into a beaker. If the bomb has 
a lead washer, 5 c.c. of a saturated solution of sodium carbonate should lx; added, 
and the contents boiled for 10 minutes to decompose any lead sulphate emanating 
from the washer. The solution is then filtered, washed, acidified with 5 c.c. of 
dilute hydrochloric acid (1 :2), lioiled to exiiel any carbon dioxide, and precipitated 
with 20 c.c. of a hot 5 per cent solution of barium chloride. The solution is allow'ed 

'"Methods of Analyiing Coal and Coke," by F. M. Stanton and A C Fieldner, Tech Paper 
8, Dept, of Interior, Bureau of Miner, Waeh , D C., 1613. " Standaid Methods for Laboratory 
Bampling and Analy.sM of Coa! " (Berial Designation: D 22-16), A S T M. Standardt, AdopUd 
1916, 565. 
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to stand for at h'list 2 hours at a tdJi|>oraluit‘ just l»cl<iw its l)Oiling>{K>int; and the 
following day is filtered through an a>hless pa|>cr and washdl \nlh {wire hot water 
until a dro|) of the filtrate shows no imHipiiaie with silvoi nitrate solution 
The test for e\ecss of hariuni ehlorule is n.ade hy adding a few dnijis of suljihuric 
acid to the filtrate, 'I’he precipitate is then ignite<l in a weiglaal fustai silica rru- 
eible, cooled and weighed. The weight of the I larium sulphate niultijilied by 111 74. 
divided by the weight of the sam|)le is eipial to the {lerecntage of siil|»hur {iresent ’ 
The Rsehka method for determining sul|)hur is not rcrommerided for bituminous 
mat ('rials 

A rapid tost for detecting the {iresenec of suljihur qualitatively.- eon.sisls in 
dissolving 10 g of the substance m 25 cc. lientol with gentle heating, cooling and 
adding 30 c c. N/2 alcoholic {loliush, shaking, and then ra|)idly dilutirg with 2i:0 ec. 
9t) {M*r cent alcohol. After standing a short time, the licjuid (which should lest 
alkaline to {ihenolphihalem) is decanted The residue is washed with alcohol, 
dried on a water bath and finally at 105 C. It is then heated with UK) cc of 
ether under a reflu.x condenser, and a few' lunqis of gianiilar caldum chloride ;ir(' 
added. After cooling, the iKpiid is filtered into a test tule to remove any insolubk* 
matter present, and the solution mixed with 20 c c. 2 |ter (nit iiK'reuric bromide 
in ether, and allowed to stand overnight. If a jirecijulale forms, it is filtered off, 
washed with etlier, and dissolved from the filter {lajH'r with warm bennol If any 
suliihur-bcariiig bituminou.s .Mibslatices are {ue.M'nt, including {x'lroleum or nalivi' 
asjihalts, the {)reei|)ilalc will dissolve m the benzol forming a dark brown solution 
(any mereuriou.s bromide present remaining un(ll^solvcd) On evaiHiniting the 
benzol, the mercuric-bromidc-sulphur-com|)ound i.s deiM;.sil('d as a dark brown to 
black brittle imus.s. 

Test 29. Nitrogen. Thi.s deterniirinlion i.s also ustnl for i(I(‘ntifying 
hitiiiriiiiou.s products, and the procedure ordinarily employi'd constitutes 
the well-known Kjcldahl-duiining method.'^ 

One gnuri of the bituminou.s mati'rial, winch .should be fini'ly {Kiwdered wlu'ii sufTi* 
eiently hard, is boiled with 30 cc of concentrated .sul|)huric acid, 7 10 g of {iotas- 
fiiuni sul{)hate, and O.O'OH g of metallic iiK'reury m a 5(M)-C(’ Kj''l(lahl flask until 
the material is conqiletely o.vidized and the solution l.ecoines clear 'I'lie boiling 
should lie continued at li'ast two hours after the wilutioii reaches the si raw -colored 
stage, the total time najuired ranging from 3 to 4 hours After the solution has 
cook'd, a few crystals of {Mifassiiiin {K'rmangaiiatc are added U) insure conqik'te 
oxidation. When thoroughly cool, the solution is diluted to 2(X) cc. with cold 
water, again cooled, and the following solutions added’ 25 c.c. of a 4 {ler (a'lit 

'"The Sulphur Content nf Kucls, and ri|e.mll> rctmlenm hy I C Allen and 

I W Uoherteon. Te<h Paper L’(.. Hureuu .d Mine#. Uept of Interior, WmIi. 1) C, Itllii. "Sul- 
phur m Tar Hcsuluca," by VrfMtt Hubbard and V Ilecxc. Pror Am Sor MatmaU, 

11. (»ll(i, Kilt. "The Dcte<tion and I elerioinaiioii of .Sulphur in Pelrolcunt," by C K Frann# 
and C W Crawford, J Imi A'» a ('him, f, 4711, 11117 

» "J. MarcuMon, "The tonip.«ilion and l.nanunation of Iteaiduea from hat Dutillation," 
loO el' 

’"Methods of Analynni? Coal and Coke," l.y F M Stanton and A C Fieldner. Teeh Paper «, 
Bureau of Mines, Dept of Interior. \^a«h, D C. K»I3. • Deterniiiiation ol NitroRen in Coal." 
by A C. Fieldner and C A Ta>lor. le'h Pai-er (.4, Bureau of Miufa, Dept of Inlenor. Waah., 
D C. 1915 ‘Standard .MhIkhIh for f-aborntor.v .Samplinn and Analyaia of Coal" (8 <tiuI Doaigna- 
lion D A S. T M. Stiiuitnrdn. Aiiopinl lUlO. ,'>70 
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solution of potassium sulphide to preeipiutc the mercury; 1-2 g. of granular zinc 
to prevent humping; and finally enough saturated sodium hydroxide (usually 
80-100 c.c.) to make the solution distinctly alkaline. The danger of losing ammonia 
may be minimized by holding the flask in an inclined position while the sodium 
hydroxide solution is being added and carefully running the alkaline solution down 
the side of the flask so it will form a layer below the acid solution. The flask 
should them l>e at once connected with the condensing apparatus, and the solution 
mixed by gently rotating the flask. 

The ammonia is then dLstilled into 10 c.c. of standard sulphuric acid solution 
at the rate of 100 c.c. per hour, until 150-200 c.c. of distillate have passed over. 
The distillate is then titrated with standard ammonia or caustic soda solution, 
using cochineal as indicator with the former, or methyl orange with the latter (20 
c.c. standard ammonia or caustic soda solution are equal to 10 c.c. of standard 
sulphuric acid, and also equivalent to 0.05 g. nitrogen). 

Test 30. Oxygen. There being no satisfactory direct method for 
determining oxygen, it is computed by subtracting the sum of the i)er- 
centages of hydrogen, carbon, nitrogen, sulphur, water and ash from 
100 per cent. The result so obtained is affected by all the errors 
incurred in the other determinations, and esix'cially by the change in 
weight of the ash-forming constituents on ignition. Iron pyrites will 
absorb oxygen from the air and ehatige to ferric oxide, increasing the 
weight of asli, and thereby causing a negative error in the oxygen, 
equivalent to three-eighths of the pyriti(! sulphur. Any calcium car- 
bonate present will tend to absorb sulphur combined with the bitu- 
minous constituents (p. 52()). On the other hand, there is always a 
loss on ignition of “water of com|X)sition’’ from the clayey and shaley 
constituents, also carbon dioxide from carbonates, etc., which tend to 
compensate for the absorption of oxygen.* 

Test 31. Free Carbon in Tars. This represents an adaptation of 
Test 21 suitable for testing tars and pitches for the presence of non- 
mineral matter insoluble in hot toluol-benzol, which has ))een found 
the most satisfactory menstruum for this pur[X)so.2 This test is of 
value for purposes of identification, for a.scortaining the adaptability 
of the tar or pitch for a given purpose, and for gauging the uniformity 
of supply. Tars and pitches containing large pt^rcentages of free carbon 
are objectionable for certain puri:K)scs of manufacture, since the free 
carbon acts as so much inert matter, and furthermore is insoluble in 
all solvents. 

‘"Standunl Method.1 for Laboratory Samplmn; and Anal>.‘<m of Coal" (Serial DopiKnation’ 
D 22-10), A. S. T. M. Standards, Adopted WIG, 571 

' "Fre® Carbon in Tars,” by J. M. Wsiss, J. In(^ Eng Chtm , C, 279, 1914, "Some Effeots of 
Certain Solvent* on Tars in the 'Free Carbon’ Determination," by G. S. Monroe and H J. 
firoderson, J. Ind. Eng. CAsm., 9, 1100, 1017. 
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The apparatus used was devised !)y H. J. Cary-(^irr ' and is iIlusfrafcMrm Kig, 
l‘)0. The filtering njedium may ronsist either of a paixT Ihinihle or tw<v thicknesses 
of Schleicher & Schuell’s No. 575 hardened filter pajxT, 15 cm. in diameter, arranged 
in the shnjie of a cup by folding symmetrically around a stick 1 in in diameter It, 
should be soaked in lienzol to remove any grease, 
dried in an oven, desiccated and weighed. 

Tara mu.st lie dehydrati'd before extracting, 
and pitchc.s if .sufficiently hard, ground to a fine 
IMnvder. In testing materials containing more than 
5 fier cent of free carbon, 5 g should be u.s<*d. 
and 10 g willi .smaller ix-rnuitages. Weigh a 
suitable amount, in a 100-c c. beaker and dige.st, 
with 50 cc cp. toluol on a .steam bath with 
constant .stirring for not, excecsling :t0 mmutes 
riace the prepared filter jiajier m a carbon filter- 
tube and decant the toluol extract through it 
\\a.sh with hot c p. toluol until the filtrate is clear, 
iMiig a ’ 'iiiiiirecti'd bv toluol for (h'tacli- 

iiig any liee carbon adlaTiiig to the beaker. Kiiiiilly 
wa.sh the filter with hot c.p ImuizoI, and after 
draining, cover it with a cap of filter paiH'r or 
alundum ware, and extract it in the apfiaratus 
with cp benzol until the drippings become color- 
less. This will take at least 2 hours The filter 
is then removed, the cap taken off, the [laiier 
dried in a steam oven, c(K)led in a de.siciator and weighed With pitches it is well 

to examine the free carbon for foreign matter, .such as wood slivers, pieces of 

bagging, etc. If .such foreign matter is pre.scnt, ihe test should Ik; rejected '•* 

Test 32. Naphthalene in Tars. Naphthalene i.s pre.sent in tans and 
pitches generated at high tenifM*nitiir(‘s, including tho.ve (i(‘rived from 
coal. It is produced by the condi'iisation of two or more hydrocarbon 
molecules accompanied by the elimination of hydrogiui. (Sih; p. 227 .) 
The following test i.s u.sed solely for purpo.ses of identification: 

One hundred c.c. of tar, or UK) g. of pitch arc weighed info a fared Engicr 

flask, and distilled by the flask method (Test 20^/, p .721). With tars the diH- 
t illation is continued until 95 per cent has l»ecn distilled off, and in the caw* of 
pitches it is stopiied when the temperature miehcs 355'" C'. I'he tune of distillation 
should occupy about 20 minule.s, and the condenser IuIh; heated to prevent the dis- 
tillate from solidifying in it The di.sfillatc is caught in a wparatory funnel, the 
lower portion of which is graduated 1'his is immersed in wafer at CO® C. and 
a reading taken, whereupon 50 cc. of a 10 per cent caustic soda solution are 
added, shaken, allowed to settle, and the clear soda drawn off. The contents are 
warmed again to 60 ® C., and the loss in volume noted. Sliakc with another 30 c.c. 

>y. Ind Eng Chem . 4 , 535, 1912 

* TenUtne Specificatiorit for Coftl-tar Pitrb for m l)ain|>-proofinK and W^atorproofinf,’' 
(.S,nal D< "^ignalioii. U 42 17 T), Proc Am Soc, Tttdng J/o/rna/*, 17, Part I, 719, 1917. 
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of 8<^a,‘and observe whether there is any further duuinution in volume. If so, 
repeat until po further shrinkage occurs. The total shrinkage represents the tor 
acids present in the distillate. 

The oil which is unacted upon is placed in a copper beaker maintained at 60° F. 
for 15 minutes, and the separated naphthalene filtered on a paper in a perforated 
funnel, using suction. The naphthalene is pressed between several sheets of filter 
paper in a letter press to remove the adhering oil, weighed, and its percentage 
calculattsd. 

Test 33. Solid Paraffines. Until recently, it was considered that the 
presence of paraffine was an indication of the quality of a.sphaltie 
products, and many specifications stipulated the ma.ximum percentage 
permissible. It is now generally conceded, however, that there is no 
rational bearing between the solid paraffines in asphaltic products and 
their quality. The determination of paraffine is therefore of value 
only for purposes of identification. Solid paraffines arc never found in 
asphaltitcs, rarely in natural asphalts, and only traces in asphalts pro- 
duced from strictly asphalt-base petroleums. On the other hand, more 
or less paraffine is present in asphalts derived from non-iusphaltic and 
mixed-base petroleums. It is absent in tars and pitches derived from 
high temperature distillation processes (see table p. 4S3). 

The following method docs not give absolute figures, since it merely discl().-H*8 
the paraffine hydrocarbons which are solid at room tem{)erature, without faking 
the liquid paraffines into consideration; nevertheless the results arc of value for 
purposes of comparison.' Weigh 50 g of the material in a fared 6-oz glas.s retort, 
and slowly distil until nothing but a residue of coke remains. 'I'he distillation 
should take in the neighborhood of 45 minutes from the time the first drop comes 
over. The distillate is caught in an Erlenmcyer flask, and weighed. Either 5 or 
10 g. of the well mixed distillate, depending upon the quantify of solid paraffines 
present in the crude material, are transferred into a large test tul^e and di.ssolvcd 
in 25 c.c. of absolute ethyl ether and 25 cc of absolute ethyl alcohol A similar 
mixture containing 25 c.c. each of ether and alcohol is made up, and this together 
with the oil solution is cooled separately to exactly 0° F. for ] hour in a mixture 
of ice and salt (to which if necessary calcium chloride may be added) 1'he oil 
solution is then rapidly filtered through a weighed (looch crucible, similarly main- 
tained at 0® F. by a jacket of ice and salt, and washed with 50 c.c of the cooled 
ether-alcohol mixture. A simple and convenient apparatus consists of an inverted 
bottle 6 in. in diameter, having the bottom cut off, and attached to the same rubber 
stopper which support the funnel holding the (looch crucible. The space between 
the bottle, the crucible, and the supiwrting funnel is packed with the ice and salt 
mixture. The (looch crucible is then removed, the outside wijied clean, placed on a 
tared glass and dried in an oven at 80® C. until the last traces of ether and alcohol 

«"Th6 Modern Asphalt Pavement," by Clifford Pichardeon. 2nd Edition, 1908; "rntor- 
suehuDg der Kohlenwaaaeratoffble und Fette," by D. Holde. Berlin, 45, 1913. "Laboratory .Mam-al 
of Bituodnoufl Materiala," by Pfivogt Hubbard, N. Y., 100, 1016, 
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are evaporated. The residue is weighed, and the percentage of solid 'paraffines 
calculated in the original 50 g. of substance taken for analj'sis.' 

According to Holde (loc. cit.), the rejractnr irutex of the solid paraffines will 
indicate whether the original substance was ozokerite or paraffine, or a mixture 
of the two. An alcoholic extract is tested at 00® C. on the Zci.ss butyro-rcfractoni- 
eter. . The residue from ozokerite will show a refractive index of 115-17 0, 
whereas the solid paraffines derived from petroleum, shale, lignite, etc., will test 
between 1 C and G.8. 


Test 34, Saturated Hydrocarbons. I'his mot hod was dovised by 
Richardson,^ and servos to di.‘^tingiii.di between various asphaltic products, 
including native asphalts, a.sphaltites and petroleum asphalts. It is 
used for purposes of identilication. 

The portion soluble in 88° pctndcum naphtha, separated as in Te.st 23, i.s brought 
to exactly 100 c.c. either l)y adding more 88° naphtha or else by evaporation. 
'I his is then shaken in a 500-c e sejiaratory funnel at 77° P. for exactly 3 minutes, 
with 30 c c. of a mixture of concentrated sulphuric .acid and fuming .sulphuric acid, 
having a specific gravity of 1 8-1 at 77° F. The funnel is allowed to stand (juietly 
overnight, whereuiion the acid i.s drawn off .and the oils unacted upon treated with 
another 30 c.c. of the acid. 'Phis time a few hours .‘Standing slmuld effect a sharp 
separation. If the second acid layer is strongly colored, the treatment should lie 
repeated a third tm.e 'llie najihtha .'^olutl<»n is wa.shcd succcKsivcly with water, 
a 5 [ler cent solution of sodium carbonate and finally with water. Ihe solution is 
evaporated to drync&s over a steam bath and the residue weiglied 1'his is eipinl 
to the .saturated hydrocarbons pre.senf in the portion soluble in 88 |)etroleuin 
naphtha. As a guide in evaporating the last trace.s of najihtha from the saturated 
hydrocarbons, a blank test should be run on KK) c c. of the 88° naphtha, whereupm 
the portion unacted u})on is rni.xed with 0 75g of a ntui-a-sphaltic })etrolcutn re.siduurn 
and evaporated on the steam bath along.side of the sample under test, until the 
former is reduced to exactly its original weight 

I'hc results arc e.vpressed as the |STceiilage of saturated hydrocarbons present 
in the portion soluble m caibon disul[»hi<le ( Pe.'.f 2bi) Phis is ciileulated in the 
following manner- If u represents the isTcentage Miluble m ejirlxm disulphide, 
b the iiercentagc soluble in S,^° naphtha and r the ixTcentage of saturated hydro- 
carbons in b] then the .‘saturated l.ydrocarlions present in llie portion soluble in 
be 

carbon disulphide will equal --X100. 


Test 36. Sulphonation Residue. This tcsl .•xprosscs tlic p<>wnt*(?e 
of saturated hydtwarlattis in Ihe disljllale Is-lween :il.^ an.l IhW C. 
obtained upon subject iiiR the biluniinous siibslatiee to llie llask niellio.! of 


. \n .nrll,..! „»-.l ..ll. Sv iW I" 10 « ol 

.1 H.W..U aoo... ol wv... SS .....hll,., 

6Uor„.« o.rlh ....I ...I..", «■"' ..r... SS" n.,.hll,. ,...10 .. ,1 

,8 rlrar This removtut thf d«irk-r.,l..rcU twphultic Mjiminnn’". rffi.ain l)y th« fullci * 

earth The filtrate r«nfa.n>n« the paraffine >8 to a ainall bulk. ev.jK.rated O. drynm on the 

water bath, the residue diHsolvwt in 2.'. c r ether and 2.'» » 

J "The Modern Asphalt Pavement." 2nd Kdition, S ^ . -Ml. 1017. 
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distillation (Test 20a). It is used to differentiate tars and pitches 
among themselves as well as from mineral waxes, asphalts (native and 
pyrogenous) and asphaltites. The figures for coal-tar pitches have 
already been given on p. 252. The author cites the following addi- 
tional figures: wood-tar pitch 0 per cent, saponifiable fatty-acid 
pitches 0 per cent, unsaponifiable fatty-acid pitches 0 per cent, residual 
asphalt from Mexican a.sphaltic ptdrolcum 86 per cent, wurtzilite 
asphalt 87 per cent and gilsonite 85 per cent. 

The method of determining the sulphonation residue as proposed by Dean & 
liateman,' consists in distilling sufficient of the material under examination by the 
flask method (Test 20a) to obtain at least 10 c.c. of distillate lietween 315 and 
355° C. Exactly 10 c.c. of this fraction are measured into a Babcock milk bottle, 
and 40 c.c. of 37 normal sulphuric acid added, 10 c.c. at a time. The bottle and 
its contents are shaken for 2 minutes after each addition, and when all the acid 
has been added, the bottle is kc{)t at a constant temperature of 9S-100° for 
one hour, during which it i.s shaken vigor<m.‘vly every 10 minutes. At the end of 
the hour, the bottle is removed, cooled, filled to the top of the graduations with 
ordinary sulphuric acid, and whirled for 5 minutes in a Babcock separator. The 
un.sulphonatcd residue multiplied by 2 gives the jier cent by volume directly (each 
graduation being equal to .j),,, of a c.c.). 

It i.s imjiortant that the acid should be of the jirojier strength. A mixture of 
fuming .sulphuric acid and ordinary concentrated sulphuric acid should be pre- 
pared to contain exactly 80.07 per cent of S(),-i, which constitutes 37 normal acid. 
If the sulphonation residue is dark in color, it should be treated with an excess of 
a 10 per cent sodium hydroxide solution, and if soluble in this reagent, the test is 
regarded as negative. 

The “ dimethyl sulphate test was oiiginally propo.sed for this purpose, but 
fiaa been since disregarded on account of its unreliability. 

Test 36. Mineral Matter. Under this heading we will consider 
in detail the examination of the mineral matter, including the portion 
present in the uncombined state; the portion combined with non- 
mineral eonstituents; a qualitative or quantitative chemical analysis; 
also microscopic and granularmetric analy.scs. The distribution of the 
mineral matter, its chemical analysis and micro.scopic examination arc 
of value for purposes of identification. Its granularmetric and in some 
cases its chemical analysis serve as an indication of its adaptability 

‘".The ,^nttl.V8lS nnd Grading of Creosotea," Forcat Service Circular llL'. Wash .DC, • 
llcation of the Sulphonation Teat for Creoaote.*’ Forest ScrMce Circular 101, Waah , D C. 

.Methoda for Teatinir Coal Tar and Kefined Tara, Oila and Pitchea Derived Therefrom," by .S H. 
Church, /mi Bug Chtm . i, 233, 1911; B, 190, 1913, "Paraffin Btxlica in Coal Tar Creoaote 
and their Bearing on Specificationa," by 8. H. Church and J. M. Weiaa, J. Ind Bug. Chem , B, 
390. 1014. 

•"Methods of Aaphalt Kxaniination." by Albert Sommer, J. Ind Eng Chem, 1 181, 1910, 
Application of the Dimethyl .Sulphate Teat for Determining Small Amounts of Petroleum or 
Aiphalt Products in Tara,” by C. S Reeve and R. H Pewis, Congress of Applied Chemistry, 
U, 727, 1012; J. Ind. Chtrn,, B, 293, 1913. 
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for a given purpose, particularly whore it is desired to doterininc the 
resistance to acids or alkalies, etc. The |)ercentage and 'distribution 
of the mineral matter and its granularmctric analysis arc used for 
gauging the uniformity of supply. The percentage of mineral matter 
present, and its granularmetric analysis serve as a criterion of the (juality 
for paving purpose's. 

Test 36a. Uncombined Mineral Matter. This includes the non-tnineral nmtter 
insoluble in carbon disulphide, and corre.si)ond.s to the re.sults obtained by 'lest 2\h 
(p. ryiO). Any uncombmed mineral matter or colloidal jiarticlcs fine enough to 
pass through an asiicstos filter would not be included in this determination 

Test 37b. Mineral Matter Combined with Non-Mineral Constituents. 'I'liis is 
ascertained by evaporating the carbon disulphide extract of the biluminous aggre- 
gate (Test 2b/), burning the residue and ascertaining the weight of the ash thus 
obtained. It will include: (1) fli(‘ mineral constituents cheiiucally combined wiih 
the bituminous matter; (2) colloidal mineral constituents which pass through an 
asl/cstos filter. 

The appearance of the ash on ignition will indicate which of these two cIaH.^c.s 
is present. If the ash appears as a go.s.samcr-like froth, it will indicate Oint the 
mineral matter is chemically combined with the biluminou.s constituents, If the af>h 
forms a fine powder, it is an indication that it exists in the form of colloidal particles. 

Test 36c. Chemical Analysis of Mineral Matter. This may inriude a (nmliiii- 
tive or a (juantitative analysis, by any of the methods ordinarily used for this 
purpose. If a quantitative analysis is to Ijc made, the reader is rc'fcrretl to the 
following sources, vi/..: 

Mnurn! Con^titiK S'aturalhf Prmnt and Addtd Fdins: “Tentative Methods 
for Ultimate Cliemical Analysi.s of Hefraelory MateriaK" S/timI l)<-Mgii.Mti(»n (' IH 
17 'D. Vroc Am Sor Tc&linq Maleriah, 17, Part f, 671, 1917; “Stmidnnl S| rcifini- 
tions and Tc.'-t.^' for I’ortlaiid ( cinciil (!N‘|i;iI Doignalion. C 9-17), A- F 7 M. 
Slamlards^ Adojdid IHK!^ 482 

AM’d White rignu’iiU. “ St.and.iid Methods for Hoiitine Analysis of White 
Pigments,” A. S. T M Slandaid'^, Adojlid m l!d7, IH 

AddrA Ydlow, Hal or liroini Hujimnis “ 'r<-n(;itiV(‘ McUkkIh for Iloiitine Analy- 
sis of Yellow, Orange, Red and Brown Pigmenls Containing Iron and Mangancae,” 
(Sc'nal I)<‘,signation: D .39 17 T), Proc. Am. Soc. Testing MaUnals, 17, I’art 1, 892, 
1917. 

Test 36d. Microscopic Examination. This is ficrfonned by examining a small 
quantity of the mineral nmtter on a iiiicro8co|)e slide under a magnification of 100 
diameters. The method is adaiited only to finely divided mineral matter, and in 
many cases serves to identify the various forms, such a.s infusorial earth, clay, silica, 
etc. This test will also give an idea as to the relative fineness of the particles. 

Test 36e. Granularmetric Analysis. Phe methods which follow have been 
standardixed by the American Society for Testing Materials' for mineral aggregates 


rs.andnrd M^hod for Mak.n. » Meoh«n,c.I An«h.l. of O/ ht Fmm- J 

Fxpopl for Fmu- AwroKaO-s U^d .n (VrrM.nt ('onof'O ’ fH. n;d D-^MKnnl.or. I> Mfi). Hlandard 
MHirod for Mak.n, a Morhanual \nalv-.. of Br-.k-r. .Slom- or Hrok.,. I- xrn>, f„r 

LV.d u. Conrroto " <.‘;< r.al D IH-KD. Standard Mj.JkkJ f"' 

ral Anal>M^ of M.ituro« of Sand or O/h.r F.np .MaU-na! «.th Htono or Brokn. Hla*. I 

for Awrr(Kafo‘< in TmuTit ronffPic" 

Adopioi in lUlG, .135, 537 ai:d 53^. 


(S«Tial IVMitnalion. I) 19-lfi). 4- H 7’ hi. .Sfo ndord#. 
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used in Connection with highways. The following three methods have l)een 
adopted: 

For Sand or Other Fine Highway Material. The method consists of: (1) drying 
at not over 230® F. to a constant weight a sample weighing 50 g.; (2) passing the 
sample through each of the following mesh sieves. 


Moshes Per 

Diameter of Wire. 

l.tnrAr Inch 

— 

— 

(2.54 cm.). 

In. 

Mm. 

200 

0 00235 

0 05909 

100 

0 0045 

0 1143 

80 

0 00575 

0 1400 

50 

0 009 

0 22805 

40 ; 

0 01025 

0 200.35 

30 

0 01.375 

0 .34925 

20 

0 0105 

0 4191 

10 

0 027 

0 08.38 


The order in whicli tlic sicv(‘.s are to la* used in the process of sifting i.s imma- 
terial and shall ho left optional; hut m reiKirtmg results, the ord(*r in which the 
.sievc.s have l)een used .shall he stat(*d; (3) determining the percentage hy weight 
retained on each .sieve, the sifting la'ing continued until less than 1 per mit of the 
weight retained shall pa.s.s through the sieve during the last miriuto of sifting; and 
(4) recording the mechanical analy.sis m the following manner; 


PaaainK 200-ine8h sieve 

PaMiiiu lOO-inesh sieve and retained on a 2(K)-nifBh aieve % 

PaBsiuK SO-nieah sieve and retained on a lUO-niesh sieve % 

Passing tiO-nirsh sieve and retained on a KO-mesb sieve . % 

% 

. . .100 00 % 


For Broken Stone or Broken Slag. The method shall consist of. (1) drying at 
not over 230® F. to a constant weight a sample weighing in pounds 6 time.s the 
diameter in inches of the largest holes required; (2) passing the sample through 
such of the following size sert'ens having circular ofienings as are retpiired or called 
for hy the s|K!cifications, screens to he used in the order named: 31, 3, 2^ 2, IL 
li, 1, L 1 and \ in.; (3) determining tlic percentage hy weight retained on each 
screen; and (4) recording the mechanical analysis in the following manner: 

Passittg J-in screen ^ 

Passing 1 -in screen and retained on a 1-in screen. % 

Passing i-in screen and retained on a J-in screen % 

Passing l-iii screen and retained on a J-in screen. . % 

■ • • % 

Total too 00% 

For Sand or Other Fine Material mth Broken Sterne or Broken Slag. The method 
shall consist of: (1) drying at not over 230° F. to a constant weight, a .sample 
weighing in pounds 0 times the diameter in inches of the largest holes required; 
(2) separating the sample hy the u.sc of a .serwn having circular ofienings \ m 
in diameter; (3) examining the fKution retained on tia* scretm in accordanci* 
with the method for broken .stone or broken slag; (4) examining the fiortion passing 
the screen in accordance with the method for sand or other fine highway material; 
^nd (5) recording the mechanical analysis in the following manner: 
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Paaiing 200>nier!i siexf 

Passing lOO-inesh 8ie\e and retained on a LHKKineah Bie\e 
Passing 80-niesh 8ie\e and retained on a KKWmesh 6ie\e 

Passing lO-mesh 6ie\e and retained on a I’O-nieah sieve 
Passing 1-in screen and retaineii on a lO-meah sieve 

Passing i-iu screen and retained on a i-in screen 

i'uBSing t-in screen and retained on a i-in screen 


Total 


KKI ()()% 


Elutriation Test for Sami or F ine. 
Filler 'Fills test is mlapted to fine 
mineral particles passing a 200-nicsh 
sieve I’laee 5 g in a lieaker about 
120 iiini high, holding 000 e e., and 
till almost to the top with distilled 
\\ater at e\aetly 70° F. Agilate 
with compressetl air until the min- 
eral fiartiele.s arc brought into 
suspension, and m such a manner 
that no whirling results Stop the 
I last and allow- the li()uid to stand 
e\aetly 20 seconds, whereupon the 
water above the sediment is mi- 
iiK'diately decanted through a 200- 
mesh sieve without, however, pour- 
ing olT anv of the sediment 'Fhe 
o|)erations of agitation, .‘'Cdmienta- 
tion, and decantation are re|)eated 
with fresh water three times 'Fhe 
particles caught on the 200-me.sh 
sieve are washed back into the 
.sainfile remaining in the beaker, 
which IS dried to constant weight 
and weighed. The dilTerenec rejire- 
.sents the amount removed by 
elutriation, which should be ex- 
pressed in |>crcentag:e.' 

Test 36f. Specific Gravity of 
Mineral Matter. 'Fwo methods 
are recommended, depending uf>on 
whether the particles arc fmer or 
coarser than I in in diameter. 

For Aggregates Whose Particles 
are IjCss than \ In. 'Fhe IJ. S. 
Bureau of Standards’ MixJifica- 
tion of IvC Chatehcr’s flask is 

'"Standanl Forms for Spc< ificutioiis, 
Tests, lleiM>rt8 and Methoils of Sampling 
for ItoatJ Materials,” Hulletin No .5.05, 

I' S Dept Agriculture, Wash , D C , p 
32, Nov 2f;. iyi7 



lx‘ ('hatelier’s Hjxjcific Gravity Flask. 


J 
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used* illustrated in Fig. 191. It is first filled with kerosene to a point on the 
stem betwecE 0 and 1 c.c., and 04 g. of the aggregate at the same temperature as 
the liquid slowly introduced, and freed from air by rolling the flask in an inclined 
fwsition. After all the aggregate has been introduced, the level of the liquid will 
rise to some division on the graduated neck, the ditTerence lietwecn the readings 
lieing equal to the volume displaced. The flask during the operation shall be im- 
mersed in water at a definite temperature. The specific gravity at this temperature 
is eijual to the weight of the aggregate in grams divided by the volume displaced 
in cubic centimeters. 

For Aggregates Comfmed of Fragments Larger than \ In. The Goldbeck appara- 
tus* illustrated in Fig. 192 is used for 
this [lurpose; lOtX) g. of aggregate are 
dried to constant weight, weighed to the 
nearest 0 5 g , and immersed in water for 
24 hours. 'Fhe pieces are then individually 
surface-dried with a tow'el, the .sample 
reweighcd and immediately introduced 
into the cylinder, which has previou.sly 
been filled to overflowing with water at 
77° F The displaced water is caught in a 
fared beaker, and weighed. If the weight 
of the dry aggregate in air is o, and 
the weight of fhe displaced water h, then 
the apparent specific gravity is ecjual to 
a divideil by h. The difference between 
the original weight of the s[K'cimcn and 
its weight after 24 hours’ immension is 
u.sed to (leternime the percentage of ab- 
sorption. If c equals the weight, of fhe water absorbed by the dry specimen in 24 
hours, then the true specific gravity at 77° F. is eijual to a divided by (6 -c). 

Test 37. Saponifiable Constituents. Under this hoading will be 
included tests applicable to oils, fats and resins, including the acid value, 
lactone value, ester value, and .saponification value, also the separation 
of fatty and resin acids. These tests are adapted to certain bituminous 
substances for purposes of identification, also for gauging the uniform- 
ity of supply. They arc especially suitable for examining: montan 
wax, wood tar and wood-tar pitch, rosin pitch and fatty-acid pitch, 
and to determine the quality of the last named. 

The relation between the acid, lactone, ester and saponification 
values, also the unsaponifiable and saponifiable constituents is shown 
in the following table: 

‘Circular No 33, Bureau of Standards, p 27: " Standard Sporific.ition.s and Testa for Portland 
Cement.” tSi'nal De^Rnation: C ‘.1-17), ,1 ,S. T. M Stanthrdx, Adoi>Oii m I9IG, 4.3C. "Specific 
Gravity of Non-Uomogeneous Aggregates." by Provost Hubbard and F H Jackaon, Jr., Proc Am 
Soe. Tuttng Mattnala, 16, Part 11. 3SO, HUfi. 

* "Standard Forms for Specifications. Tests, Heports and Mctlmds of Sampling for Road Materials," 
Bull. No. 555, 1) 8 Dept of Agriculture, Wash , D C , p 31, Nov 26, 1917. 



Fid. 192. -Ciuldbock’s Specific (Inivity 
Appanitus. 
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Saponification Value 
' (Saponifiable Mattir) 

Add Value 

Free Fatty Aoide 

Free Ream A<'i.ls 

Lactone Value 

Anhydrides and I a* tones 

Ester Value 

jXcutrtil Fats 

(Oh reroll 

Fatly Adds 


Waxes 

l att\ And* 

Unaaponifiablc Matter 

Higher Alrohoh 

Free Higher \lr(,lioN 

Il>dro('nrl>()i<s 


The saponification and acid values have Ix'cn used for distinguish- 
ing between native and petroleum asphalts (p. 2(ls), in accordance 
with the method proposed by J. Marcusson (sec p. 545). ‘ 

Test 37a. Free Acids (“ Acid Value ”). boil 5 00 (?• <‘f tlie mnfcrml with fiO 
c.c. of carefully neutralized 95 per cent ethyl alcohol for 20 iiunufeH.* The liquid 
is decanted from the insolu))le residue while hot, the latter boiled with another 60 
cc. of alcohol, and the proce.sas rcfieiiled, until the extmet no lonRcr reacts acid with 
alkali blue 0-13 (or phcnol|)lilhalcin). The rcMdue i.s then disrenardeil. To the 
combined extracts, add 10 cc. of a 25 i)cr cent barium chloride nohilion and 6 
drops of a 5 per cent alcoholic solution of alkali blue 0-13 (or an ccjuivalcnt amount 
of 1 per cent alcoholic phcnolphthalein), and titrate col/I with standard N/10 
caustic potash.'’ As the free acids arc ncutrali/e<l by the alkali, the barium soaps 
are precipitated, and at the same time the iinsaismified substances are thrown 
out by the water contained in the N/IO caustic |K)lash, until at the close of the 
titration the solution hccoine.s almost clear, rendermR the end-jxant sharp, llie 
acid value i.s equivalent to the numlicr of inilhuraiiis of fiotassium hydroxide 
required to neutralize the free fatty acid.s iii 1 p of the substance. 

Test 37b. Lactones and Anhydrides (“ Lactone Value ”). These are determined 
as follows: (1) Find the acid value (lest .‘37o), and the ester value (Test 37r) of the 
original substance. (2) Find the acid value (Test ,'37a) and the ester value (Test 
37c) of a weighed quantity of the free acids hl)oraled from the substance after 
saponification (Test 39). If acid and ester values (I) are equal to respective acid 
and ester values (2); then lactones onlj/ arc present If acid value (1) is less than 
acid value (2), and eater value (2) is ecjual to 0; then glycerides on/y are present. 
If acid value (1) is l(«s than acid value (2), and ester value (1) is greater than 
ester value (2)j then boiA glycerides and lactones are present. 

The true ester value is equal to ejiter value (1) minus ester value (2); and the 
true lactone value is equal to ester value (2). 

• Z anfftw Chetn 24, 1297, 1901. 

« Bituminous mBtemia with high fuaing-poinf* ahould be fluied to wmi-liquld PoniiatMcy with a 
fciven weight of neutral paraffine oil , . , > 

* Prepared by dieaolving 5 612 g. pure cauetic potaah in r,00 r c Q't p«r rent alrohol, dUuUnf to 
exactly 1 litre with waUr at GO* F. and carefully etandardiring against aulphurir arid of known atrencth. 
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The foregoinR results may lx; ehccked by finding the acid values of the original 
substance and the liberated acids. The true ester value equals the acid value of the 
free acids minus the acid value of the original material. Similarly, the lactone 
value is equal to the saiwnification value minus the sum of the acid and ester 
values. 

Test 37c. Neutral Fats (“ Ester Value ”). The ester value corresponds to the 
numlx'f of milligrams of potassium hydroxide consumed in saponifying esters 
(neutral fats, otherwise known as triglycerides). If lactones or anhydrides are 
absent, the ester value may lie calculated by subtracting the acid value from the 
saponification value. If lactones and anhydrides are present, then the ester 
value niayk' calculated by subtracting the sum of the acid and lactone values from 
the saponification value. 

Test 37d. Saponification Value. The saponification value represents the num- 
ber of milligrams of |)ota.ssium hydroxide consumed in the complete saponification 
of I g. of the substance. It represents the sum of the acid, lactone and ester 
values, and is ascertained in the following manner: 

Prepare a 5 {xir cent solution of caustic potash dissolved in equal volumes of 
95 |K!r cent ethyl alcohol and 90 per cent Ihiophene-free benzol, and standardize 
against sulphuric acid of known strength.' Saponify 5 g. of the substance wiih 
.50 e.c. of this solution by boiling under a reflux condenser 1 to 1 hour, depimding 
upon the rapidity with which the substance g(K?s into solution. Evaporate the 
benzol on a water bath, add 100 c.c. water, boil, decant from the residue, add 50 
c.c. more water, boil, decant and repeat until all the alkali has been removed 
(tested by adding a drop of phenolphlhalcin). Combine the extracts, add 20 c.c. 
of 25 {ler cent barium chloride solution (BaCl2-2H'.()), and .'I c.c. each of a 1 jxir 
cent alcoholic phenolplilhalein solution and a 3 per cent alcoholic solution of alkali 
blue Titrate the warm solution with N. suljihuric acid. As the barium hydrox- 
i.l(' beconuN neutralized, a copious precipitate of barium sulphate forms which 
rcmli'i's till' end-|K)int distinct. When the color changes, boil, and if ncccs,sMry 
run in more sulphuric acid until the color remains green on boiling, Calculate the 
quantity of caustic potash reiiuircd for saponification. 

Test 37e. Estimation of Fatty and Resin Acids. If both fatty and resin acids 
are present in the mixture, it is not a simple matter to separate them quantita- 
tively. The method of procedure consists in first, saponifying a grams of the 
substance, sufliciimt to yield about 5 g of the mixed acids, and separating the 
saponifiable matter as de.scrilied m 'lest 39. The fatty acids are then separated 
from the resin acids by the Twi'chell-dladding process as follows: 

Dissolve the mixed acids in 50 c.c. absolute alcohol adding any insoluble matter 
to the .scpiiratcii resin acids siilwquently obtained. Cool to 10" C, pass in a 
stream of dry hydrochloric acid gas for 1 to 2 hours, let stand J hour at room 
temperature, dilute with five volumes of water, boil for 15 minutes under a reflux 
condenser, cool, and extract the fatty-acid esters and resin acids with benzol. 
Neutralize the aqueous solution, evaporate to a small bulk, acidify, and again 

* Approximately 45 c.c of N, sulphuric arid will be requinnl to neutralixo 50 c c. of the 5 per 
cent caustic potash solution 

• MsrouBSon finds that by usinx the two Indicators together, the end point of the titration is sharper, 
being ovid<‘nc('d by a change in color from red to green 
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extract with benzol to remove any traces of acids not previously removed, (’om- 
bine the .extracts, now containing all the fatty-acid esters and resin ijcids, add W 
c.c. of caustic potash solution (10 g caii.stic i>ntash. 10 cc. ethyl alcohol, and lOti 
cc. water) to saponify the free re.sin acid'<, and draw off the aqueous layer togcihcr 
with any interniediato layer lietucen the aipieous and l>enrol layers (containing 
resin soaps difiicultly soluble in the alkaline luiuorj JO.xliaust (he a<iueous soap 
solution with benzol to recover any fatty acid esters The combined benzol extracts 
are washed in turn with water, twice with 10 cc. of the |)o(ash solutinn, and 
finally again with water. The benzol solution containing most of the fatty acids 
in the form of esters is evaporated to a small bulk, saponified, (he free fatty acids 
lilieratcd with hydrochloric acid, sejiarated and weighed as a check 

The resinous soap solution is united with the various aqueous and alkaline 
extracts, evaporated to a small bulk, acidified with ililute h\drochlon(! acid, and 
extracted with ether to remove the free resin acids These arc cv.'iporatcd to 
drynos.s at 105° C. and weighed, 'flic icsidiic coii.vist.s of the resin acids contami- 
nated W'ith more or lc.ss fatty acid.s winch failed to bccoirc cslciticd Dissolve in 
25 c.c of 05 per cent alcohol in a lOO-cc. stop|)cre<l ncasuiiiig cylinder, add 2 <\ 
drops of a 1 jicr cent alcoholic solution of alkali Hue O-M, and neutralize with 
aqueous caustic soda solution (1 '2). Heat on a water bath for 15 niiiiutc.s, cool, 
dilute to lOO-c.c. With el her, agitate, add 1 g of finely pulverized silver nitrate 
(dry), and continue the agitation for 15 nunutes to convert the fatty-acid soaps 
into their corresjxinding silver .salts. Settle overnight, decant 75 cc of (he clear 
liquid into a separatory funnel, and .shake with 20 re dilute hydrochloric acid 
(1 :2). Draw off the ether layer, and extract the aqueous .‘joIuIkih with two 20 cc 
portions of ether. Combine the ether cxtraits, wa.'-h with 20 cc. water, filter 
into a tared crucible, evaporate to dryiiea>> at 105° weigh and add to the 
residue insoluble in alcohol inentioiied above, 'fhe total residue consists of the 
practically pure resin acids (5 grams). 

45 

Per cent resin acids in original substancc.s= --XT00 ^incc resins carry an aver- 

3a 

age of 8 jier cent urisaponifiable constituents, (heir jiercentage may be approximately 
calculated as follows: 

1445 

Per cent resin in original substance = 

a 

Test 38. Asphaltic Constituents. Thr nirthods whicli follow 
h<ave been proposed by .1. Mar(*iis.son ' for dilTerentialmg belwt'on 
native and petroleum asphalts (p. 2!)8). They also give an insight 
into the composition of asphalts themselves, and in this r(‘speet the 
author regards them of special merit. The value and possibilities 
of these determinations do not app(‘ar to he generally appreciated, 
hut as time goes on they will certainly l>e recognized. The tigur(‘s in 
table on page .>40 will illustrate their utility; the rt^iills for crude 
Trinidad and refined Hormuilcz asphalt are rciK)rl(‘fl by Marcuss()n, the 
balance having l>een obtained by the author. 


I Z. angcw CA<in. tli 340, ItUG, 



546 


ASPHALl'S AND ALLIED SUBSTANCES 


Fu$ing-point (K j 
ModS inethruJ) 
Free Aephaltouej 
sridt 

Asphaltoue a r i 
anhydrides 
Aaphaltfiiee 
Asphaltic resins 
Oily rorialituciits 


1 Non-mmeral 
* CoDBtituentB 
1 of Crude 

1 Trinidad 
j Asphslt ^ 

Refined 

Bermudez 

Asphalt. 

' -/ 




J 


13.5” F. / J( 

7 

/ 

3 5% 0 

7 

3 9% 

1 

2 0% 1 

37.0% 

33 3% 17 

23 0% 

14 4% 30 

31 0% 

30 0% 48 



♦ Composed of 15 per cent f?rahamite and 85 per cent residual oil derived from asphaltic petroleum 


Test 38a. Free Asphaltous Acids. Dtssolvo 5.00 g. of the asphalt in 25 c.c. 
benzol by boiling under a reflux condenser Add 200 c.e. ethyl alcohol, let 
settle, decant the solution from the pitchy re.sidue, and titrate the former cold 
with N/10 alcoholic sodium hydroxide, using phenolphthalein a.s indicator. Dilute 
with an equal volume of water and extract the unsajxinifiable constituents by 
shaking with successive jKirtions of benzol until the extract liccomes clear. iLvnp- 
orate the alcoholic soap solution to a small bulk, lilierate the asphaltous acids 
by acidifying with hydrochloric acid, extract wnh lienzol, evapiorate the extract to 
dryness at 100® C. and weigh. The free asphaltous acids afipear as a tar-like to 
resinous mass, soluble in alcohol, benzol and chloroform, but nearly insoluble 
in 88“ petroleum naphtha. When heated to 120-2(K)°C. they are convt'rted into the 
corresponding anhydrides. 

Test 38b. Asphaltous Acid Anhydrides. In the foregoing test, the unsaponi- 
fied portion Is united with the pitchy substances precipitated by alcohol from the 
original lienzol solution. These are sajKinified by boiling under a reflux condenser 
for 1 hour with N-alcoholic caustic potash in the presence of l:)enzol, the solution 
is diluted with an cipial volume of water, and the unsaixiiiified constituents extracted 
with successive {xirtions of lienzol. The alcoholic soap solution is then evaporated 
to a small bulk, the asphaltous acid anhydrides liberated by acidifying with hydro- 
chloric acid, extracted with licnzol, evaixirated to dryness at 105“ C. and weighed. 
These are very similar in appearance to the free asphaltous acids. On heating to 
high temperatures, they are converted into unsaponifiable products similar in appear- 
ance to the asphaltenes. 

Test 38c, Asphaltenes. After separating the saponifiable constituents according 
to Tests 38a and 385, the Iwdies which have not combined with alkali are dissolved 
in the smallest possible quantity of benzol (not exceeding 10 c c.), and the solution 
poured into 200 c.c. of 88“ petroleum naphtha.' The insoluble matter is filtered 
on a Gooch crucible as described in Test 23, washed with 88“ naphtha, dried and 
weighed. This represents the asphaltenes, which appear as a dark brown to black 
powder similar to grahamite in characteristics. On heating it docs not melt, but 
swells and decomposes into a compact and hard coke. Asphaltenes are supposed 
to be formed by the addition of oxygen or sulphur to petroleum resins, also to 
inter-molecular changes taking place on heating them in air. They are soluble in 
> Qf which St leMt 85 per cent by volume ahould diatil between 35 sod 65” C. 
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benjol, chloroform and carbon disulphide, almost completely insoluble i> .leobol 
and 88” i^troleum naphtha, and sparingly soluble in ether anVao" Th^t 
characterized by a high percentage of suJphur (7-13 ner rent) Ja l 

Test 38d> Asphaltic Resins. The solution nf fts® r«n<» i > 

from Test 3^^ is evaporated to about 25 ce., d,s,nbutrd :!::r25t;l:t’::'':;t 

If the first extract is dark colored, it is concentrated to about 25 rc., poured over 
more fuller’s earth, and the process re|)eated. The extract should liuve a straw 
or light yellow color. The asphaltic rcMiis arc ad.^^orhnl by the fuller’s earth, fr.iin 
which they may lie extracted by carbon disulphide, evaporated to dryness at 1(K)" C. 
and weighed. The-sp form the first stage in the conversion of jictroleuni hydro-' 
carbons into asphaltenes, and consist of solid, reddish-lirown to hrownidi-iilnck 
substances fusing below 100'^ (\. completely soluble in naphtha, chloioform 
carbon disulphide, 1)011201, but only s{)aringly soluble in hot or cold acetone After 
adsorption by tullcr's earth they become insoluble in fvS® fietrolcum naphtha 'I'he 
asphaltic resins are formed by heating the oily constituents for some time to 120** 

V . accompanied by a darkening in color and absorption of atmosplieric oxygen. 

Test 38e. Oily Constituents. I'he HS“ fx*troIeum naphtha extract from the 
fuller’s Mrth in Tei.t 38f/, is distilled to a small bulk, and evaporated to dryness 
at 100° C until the odor of fietroleum naphtha is no longer apjian'nt. The oily 
constituents remaining as residue are weighed These apjK'ar as a viscou.s oil, 
and constitute the mo.'it inert bodies contaiiH'd in asphalts. A.s a gf*neral rule, the 
softer the asphalt, the larger will be the percentage of oily constituents. Marcusson 
reports that Trinidad petroleum eonlain.s 12 fier cent of oily constituents, 'rrinidad 
asphalt 17 to 10 per cent (figured on the crude dry subs! an ce containing the mineral 
ingredients) and grahamite 2 to 3 per cent. 


Test 39. Unsaponifiable and Saponifiable Matters. In iIk' caHo of 
bittiiiiiiioiis iipitcrial.s, tlio ('.>limali(iiH)f lb(‘ iiiisipiudiablc ano .sipoiiiliabh* 
niatt(‘i’s is of value for purposes of id»'i)lifi<-atioii. (ertaiii bitmniiiouH 
substances, such as niontan wax, rosin pitcli, and fatty-acid pitch are 
often eoinpo.sed largely of sapoiiilitible constituents. Others, including 
pinc-tar, pine-ttir pitch, hardwood tar, lianlwaMnl-lar pitch, peal tar, lignite 
tar, bone tar, lione-tar pitch and oilier forms of fatty-aei<l piteluvs contain 
snudler percentages. This is also u.M*d for gatiging tin* uniformity 
of supply, and in the case of fatty-acid pitclu's, as a criterion of the 
quality. 

The following proredure h.is bmi devised bv the author for .speeifieully exainin- 
uing biturnmou.s materials or admixfurex of bituminous maOTials with animal or 
vegetable oil.s and fat.s, since the cii-stomary methods do not adapt themheivtw 
especially well, due to the formation of troublesr>me emulsioriH. The bituminous 
material is first freed from insoluble con.stituenis, including any mineral matter, by 
boiling with carbon di.sulphide under a reflux conden,scr, cooling and filtering through a 
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Gooeh crucible, following the precautioiw described in Test 21a. * The inso! K1 
constituents^ are dried at 100® C. and weighed, Sufficient of the bituminous si 
stance shou/d be taken to yield approximately 5.0 g. of extract. The benzol 
tion is evaporated or distill^ to 50 c.c., and 50 c.c. of the saponifying liquid added 
from a pipette. This shoidd consist of a 10 per cent solution of caustic potash 
prepared by dissolving 100 g. of anhydrous potash in 500 c.c. of 95 per cent ethyl 
alcohol, and diluting to a litre with 90 per cent benzol. The liquid is allowed to 
stand overnight to permit any carbonate to settle, and the clear solution decanted 
After the saponifying agent is added, the mixture is boiled under a redux condenser 
for j-1 hour, and the contents of the flask while still warm poured in a separatory' 
funnel containing 150 c.c. of boiling water and 25 c.c. of a 10 per cent solution of 
potassium chloride. Add 250 c.c. of benzol, agitate vigorously, and allow the fun- 
nel to rest quietly in a warm place until the solvent separates. If an emuisjon 
forms which refuses to separate on standing, add 200 c.O. more benzol and 100 cc. 
OH jjcr cent ethyl alcohol and stand in a warm place overnight. This will invari- 
ably effect a more or less complete separation of (he solvent. From this ix»int on 
the method is illustrated by the following tabular outline: 


Saponify as ilcflcril.cd 

Draw ofT tho aoap solution ns roiniilctrl v as |>m)Si Ic 

Deount tho henzol layer, lenviii^r the intermediate layer lo the separaterv fiii nil 


A<iueoii8 Soap Solution 
Exliaimt wifi) 200 c.c of portions of benzol 


Aijueoiia .Soup 
Solution 


Comliineil Benzol 
Extracts 


Benzol I,a\er 


Combine and exhaust with 100 c e portions of 
.W', ah'ohol. 


Benzol Solution. 


('onibined Alcoholic 
Extracts 


liitcrincdiatc Layer 


Combine and exhaust with licntol 


Combined Benzol 
Extracts 


Combine, evaporate to a small bulk, complete the 
evaporation at 100“ , cool and wcijfh the 

Cm to pow »/!«!</( Constitu) m/s' 


Alcoholic Soap Solution. 


— Combine— 


Transpose with dilute hidrochloric acid, warm and exhaust with benzol Separate the aqueous 
solution containing the glycerol and mineral salts Evaiiorate the combined benzol extracts to a small 
bulk, and then eomplctv the exaporation of solvent at 100“ C. Cool and weigh. Weight equals the 
frtf ock/s dmred from thr mswnifiahlc conitMuenlt 


In tho case of bituminous materials that are more or less completely saponifiable, 
the intermediate layer is apt to be absent. In this case the process will simplify 
itself considerably. The foregoing procedure will separate the unsaponifiable consti- 
tuents in practically an ash-free state. 

Test 39a. Hydrocarbons. Boil 2 g. of the unsaponifiable matter with 4 c.c. of 
acetic anhydride under a reflux condenser for 1 hour. Add 25 c.c. of 95 per cent 
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Li 1 heat to boiling, decant through an asbestos Gooch crucible, and 
tLs of acetic anhydride by TcaaUng with succesaWe poit'oM rf warn 
Sol. Diy the residue on the Gooch at 100° C. Its weight is equal to the 

hydrocarbons present. • 

* Test 39b. Higher Alcohols (“ Cholesterol ”)• The filtrate from the foregoing 
(Test 39fl) is evaporated to dryness, then dissolved in the smallest possible quantity 
of hot absolute ethyl alcohol and allowed to cool. The cholesterol and phytosteryl 
(sometimes termed sitosteryl) will crystallize as acetates. Filter and wash with 
95 per cent alcohol. Find the melting-point by the capillary tube method as 
ordinarily used for pure organic substances. Cholesterol acetate will melt between 
114.3 and 114.8® C., whereas phytosteryl acetate will melt nhove 125 ^ C. Re~ 
crystallize several times from hot absolute alcohol and redetermine the melting-point 
If the fifth to seventh crop of crystals test.s below 1 15-1 1G“ C., then phytosteryl ;> absent 
Cholesterol may also be detected by boiling I g of the suhstnmv \\ith 2 c.c. of 
chloroform and 20 drops of acetic anhydride. The soluOon is allowed to cool 
and the clear liquid decanted into a porcelain crucible. 'J'hen J drop of con- 
centrated sulphuric acid is added to the lifiuid. If cliolesferol is fircsont, a violet- 
pink to reddish coloration will be obtained. (For the behavior of resin acids in the 
foregoing test, see Test 43.) 

Cholesterol indicates the presence of atiimal oils, fata or waxes (such as wool 
grease), whereas phytosteryl indicates vegeUible oils, fats or waxes. This test is 
therefore of value in detecting which class of substances is present in admixture 
with bituminous material. 


Test 40. Glycerol. Glycerol indicates the presence of animal and 
vegetable oils or fats (triglycerides), ('ertain fatty-acid pitches also 
contain a small percentage of glycerol (see p. .Til). This lest is of 
special importance in the examination of bituminous paints, cements, 
varnishes and japans (p. .372.) 

Saponify 5-10 g. of the substance under examination, weighing exactly, and 
using 25 c.c. of the saponifying agents dcscriiied in Test 39. Extract the unsaponi- 
fiable constituents with lienzol as dcserilied, and then transpose the soap solution 
with a s/iffht excess of dilute sulphuric acid (instead of using hydrochloric acid). 
Wann the. liquid and extract the fatty acid.s with iKmzol. 

Evaporate the aqueous solution txi a sniuii bulk, and moke slightly alkaline 
with dilute caustic soda. Cool, dilute to aliout 100 cc. and determine glycerol 
by any of the standard methods proposed for this purpose.' 

Test 41. Diazo Keaction. This test is used for identifying bituminous 
substances carrying phenols, including wood tar and wood-tar pitch, 
oil-gas- and water-gas-tars and pitches, shale tar, peat- and lignite- 
tars and pitches, bone tar, bone-tar pitch and the various coal- 
tar pitches. 

This reaction was devised by E. Gracfe.* It is carried out by boiling 2 g. of 

> "Aid* in the CommerrieJ AnelytU of Oil*. Fate, etr by G. F Pirkerinc, Ixiadon. UU7; “ Aoely- 
■ia of Crude Glycerin." by the Internationel .‘'Underd Methode, J A'oe Chrm. Ind , M, SM, 191 1 

> "Dietinction between Lignite Pitch and other Pitrbee." Chem. Ze%t , M, 298, 1900; Mgreuaton 
tad Eickmann, Chem.-Zetl , tf, 905, 1908. 
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the bituminous substance with 20 c.c. N, aqueous caustic soda, for approximately 
5 miDutes. »After cooling, the liquid is filtered. If the Sltrate is dark colored, 
it my be lightened by adding My pulverized '‘salt/’ It is then cooled in ice, 
and a few drops of freshly prepared diazobenzolcbloride solution (prepared by 
treating anilin with hydrochloric acid and sodium nitrite) added, If phenols are 
present n red coloration will result, sometimes accompanied by a reddish precipitate. 

Assuming that the bituminous substance gives the diazo reaction, the question 
will offen arise whether the product is a straight-distilled pitch, or an asphalt 
cut-back ” with a high boiling-point distillate containing phenolic bodies, derived 
from coal tar, lignite tar, etc. Marcusson has worked out a method applicable 
under these circumstances,' which consists in dissolving 10 g. of the bituminous 
substance in 15 c.c. of benzol, and pouring the solution into 200 c.c. of 88“ petroleum 
naphtha. The resulting precipitate is wa.she(l with petroleum naphtha and dried. It 
is then boiled for 15 minutes with N/2 alcoholic caastic potash under a reflux 
condenser to extract the phenols. The liquid is cooled and filtered, the alcohol 
evaporated, and the residue dissolved in water. Sodium chloride is added to clarify 
the liquid and remove any substances imparting a dark color, the solution is 
filtered and the filtrate treated for the diazo test dcscril)ed alwvc. If a straight 
distilled pitch containing phenols is present, a {xisitive reaction will Ik* obtained. If 
the original substance gives the diazo test, but the residue treated in the aljove 
way does not, then the admixture of high boiling-point oils containing phenolic 
bodies with a substance free from phenols (c.g. asphalts, etc.) is established It 
is claimed that the presence of 10 per cent asphaltic substances may be detected 
in this manner. 

Whore bituminous substances contain calcium carbonate, the phenolic bodies 
present combine with the lime, forming insoluble calcium phcnolate which yields 
but a faint diazo reaction. However, on treating such substances with a solvent 
in the presence of hydrochloric acid, the calcium phenolate is decomposed, and the 
diazo reaction becomes much more delicate. 

Test 42. Anthraquinone Reaction. The anthraqiiinone reaction 
is used for detecting anthracene in tar products produced at high 
temperatures, including oil-gas-tar and pitch, water-gas-tar and pitch, 
and the various coal-tar pitclies. This test is therefore valuable for 
purposes of identification. 

The tar or pitch is first subjected to distillation in accordance with the retort 
method (Test 205), the offtake and conden-sing tube being kept warm to prevent 
the aocuraumulation of any solid distillate. The distillate passing over between 
270 and 355“ C. is caught separately and examined for anthracene in the following 
manner. The fraction is heated until it is thoroughly Quid to secure a uniform 
sample, and 5 g. weighed out, while hot. After cooling, 10 c.c. of absolute ethyl 
alcohol are added, the solids allowed to crystallize and the liquid decanted. The 
solid substances containing the anthracene are dried on a water bath, transferred 
to a 500-c.c. flask connected with a return condenser, 45 c.c. of glacial acetic acid 
added, and the contents boiled for 2 hours. The following mixture is then added 
drop by drop through a separatory funnel, viz.: 15 g. of anhydrous chromic acid 
disoolTed in 10 o.e. of glacial acetic acid, and 10 c.c. of water. The boiling is 
>Ch*m. Rtf. FfU-und Hari-Jnd, II. 47. 1911. 



CHEMICAL TESTS 


651 


continued for anotlior 2 hoiirs, the tla-sk cooled, anil 400 cc. cold warn added. 
This treatment oxidizes the anthrairne to anthraqiuiione, wliH'h on eooOriR soiwiratea 
jis a solid mass This is filteml, witdicil with hot water, then with a hot 1 |)cr 
cent .solution of eaustie .soda and atrain with hot water The residue of antlira- 
(lumono i.s then dried and its weight mulli(>lied hy 0>v'*ti to ohtain the eorn's|H)nding 
w'eipht of anthracene I'rom (l2o to OTo jK'r ivnt of anthracene is found in coal 
tars, and a corresjxindmK larger jx'reentaj'c in coal-tar pitches 

A color reaction for estahli.shmn the pixsence of anthiacene eoii.sists iif hoilinn 
the crv.slals of anthrafpimone with zinc du.st and causiic soda solution, whci'eii|Min 
an intense red colored solution is ohtamed, which on filteruiK m contact with air 
Ijccomcs decolorized. 

Test 43. Liebermann-Storch Reaction. This i^s n ntpid (lutililtilivo 
test for (Ictoctiiip; tlio prcsotict* of rosin, rosin oil. or chohxslt'rol. Ont^ 
}!;raiii of tho suhstaneo is disstdvod in .’I e.e. of aeelie anhydride at a 
p;eiitle heat, cooled and (he elejir litpiid dc'canled into a poreiduin ern- 
eilde. Add I or 2 drops of snlplnirie aeid sp.t^r. L.T! {eonlainiiifj; 1)2,53 
[)er (’(‘lit oJf pure siilphurie neid, prt'panal hy dilutinti 31 7 e.(‘. of eoneen- 
trated sulphuric acid with 35.7 c.c. of uatt'r). Hosin tuid rosin oil 
will produce a futiitive violet coloration turning: to a brown, wht'reas 
cholesterol w'ill product' a fugitivt' rose color turning rtipitlly to a 
(lark green. If rosin or ro.sin od is present in conjunction with 
cholesterol, the test becomes vahu'less. 

Fossil resins (copals, etc) also fattv-aci.l pitches ^ive a iSTinanent l.rown color 
and do not intcrfen' with the fore^oiiiy tcO biiiM'ed, cotton-wed. clmia-woud and 
corn oib Hive a permanent Hf^^'nish-hrown coloration, whereas palm oil, bone tar, 
and crude olein Hive a jK'rniaiicnf brownisli-vcllow' coloration. 
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METHODS OF TESTING MANUFACTURED PRODUCTS 

This chapter will include methods for amilyziiif:: and testing 
manufactured products, containing in addition to bituminous sub- 
stances, materials of a non-bituminous character, such as mineral 
aggregates, mineral, animal or vegetable fibres, fabrics, water in the 
form of emulsion, volatile solvents, animal and vegetable fats or oils, 
colored pigments, etc. The tests about to be desciibed will accord- 
ingly supplement those end)odied in (’hapters XXVIII to XXXI 
inclusive, which were restricted to examining crude, refined or blended 
bituminous substances, without other additions. 

UITUMINIZKD MINKHAL AGdHKClATES 

Products falling into this class include native and artificial mixtures 
of bituminous matter with mineral aggregates, viz: bituminous macadam 
pavements, bituminous concrete* f)avements, sheet asphalt pavements, 
asphalt block pavements, jisphalt mastic floorings, bituminous expansion 
joints (containing mineral matter but not felt), pipe-sealing comj)ounds, 
moulding compositions and products used for electrical insulation. 

PlfVSKWb 'I’KS'rs Ol-’ I'lMSHKl) PRODUCT 

Effect of Moisture. Various luotliods have been suggested from time to time 
for aseertaiiiing the water ab.sorptiou of paving materials.' It is reeogni/ed that all 
pavement.s absorb more or less moisture, but no standard mcthcKl has been pro- 
jwsed for this purjMise. Richardson .sugge.st,s the u.se of cylinders of the same 
dimensions as u.scil for the impact test (p. 555) namely 1.25 m. m diameter, by 
1 in. high, having the greate.st po.ssible density, which in the ease of surface mi.x- 
turcs for sheet a.sphalt pavemenl.s, will weigh about 50 g. Th(\v are immersed n 
water for 3 months, and the gam in weight noted at various intermediate periods. 
This same mctluHl will adapt itself for testing asphalt block pavements and asphalt 
mastic floorings. 

The following tentative methods have been proposed for testing the water 
absorption of moulded insulating materials.* Onc-lialf of the standard briquette 

> Whipple A JarkBon. Eriff. Nrm, 4T. 1900. “The Tpitinjt of Ritumens for Paving PurpofleB," by 
A. W. Dow, Prof. Am Soe. Te^^ting MotrnaU, 8. 308. 1903; Eug. Nttrs, 51, 520, 1901: "The Modern 
Asphalt Pavement," 2nd Kdition, Chapter XXIV. 461. 

•"Tentative Tests for Moldtxi In»iilnting Material.V’ (Serial Designation; p 48-17 T), Proc. Am. 
9 o€, Titling Matenalt, Part I, 790, 1017. 


552 



METHODS OF TF>;tIXO MAXUFACTrRED I’HODrCT!^/ 553 



iff* lOM) 


used for nsoertaininff (he tensile strengdi of moulded insuI.-ifinR in.-iteriiik 
shall lx* used for this |)ur|x)s<‘ All 1 <mm‘ pariicl.-s an* n*moved. mul K' s|M‘nmen 
dried for 24 hours either in a (lesiceatur or m an oven at UK)" ('. It h then e«H.led. 
reweiffhed, and immers(*d m disfdled wator for UK) hours at 77" !•' At the end 
of this time, the s^ieeimen is removed, wijied dry with a eloth and ivweijtliod ’rh,. 
followiiiff fiffurt's should Ik* reeonled; vi/ • the onumal weight of the s|M*(imen; 
its dry weight; the saturati'd weight m grains after UK) hours' immeisioii; the 
percentiige of moisture as it'ceivtHl; (he iH'rmitage of moist un* al)sorljed dunng the 





(itJmm f 


MaifSNt/ Mohi Hihttt fhittmen lunH t OWfOOimm) 


I roiii \ S T M Toni Hfundanli. 

Fig. 103. — Mould for A.seertammg (he Tensile Stmiigth of Hitiimim/ed Aggregates. 


UK) hours, taking the dry weight as UK) |K*r rent The av«*rage for llina* siieeimenn 
is re|Kirted 

Tensile Strength. The following tentative test has lK*<n pro|K>s<*d for moulded 
insulating material.**,' hut may al.***) lx* adapted to testing the .surfaee eoursc* of sheet 
asphalt pavements, as[)halt mastic fhxirmgs, expansion joints (not, eontaining fahrie), 
pi|x*-seahng eomixxinds, etc. 7'he s|H*eimen is ea.st under pn'ssiire to obtain the 
greatest [xwsihle density, in a hardened and ground steel mould of the dimensions 
shown in Fig. 10.3, then iminerstxl in dislill(‘d water for IS hours at F., removed, 
wiped dry and pulled apart on any standard testing machine in air at 77'^ F., 

‘“'IVntativo 'IVats for Moltl(*<l IntdilatitiK Dotiignalion; D 4K-17 T), /'for. Am 

Soc Tetling MaUnals, Part I, 778, 1917, 
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at a spe^hat will enable the l^eam to l)e well balanced. The results of the test 
be T^rted in the following order, viz.: the breaking load in kilograms or 
pounds; the tbiekncss in mtimoters or inches as measured by a micrometer at the 
point of fracture; the ultimate tensile strength in kilograms per square centimeter 
or in pounds per stjuare inch as calculated from the actual area of the sjx'cimen 
at the point of fracture; the sfxvd in centimeters or inches per minute at which 
the jaws travel during the test. Three such tests should be averaged. 

Compressive Strength. This test hjis hkewi.so l)een proposed for moulded insulat- 
ing materials,’ and is adapted to all bitumiiuzed mineral aggregates in wliich the 
particles do not measure over J in. in diameter. A 1-in, ciilx* is moulded under 
pressure in a hardened steel mould to attain the greatest iiossilile density, and 
immersed in distilled water at 77® F. for 4.S hours. W'iix; the surface dry and 
place sheets of lead A in. thi(;k both a)M)vc and Ijelow the sixaamen to adjust 
irregularities. Any standard testing machine may be used, and the load .shall lie 
applied at such a rate of six^ed lus will ficrmit the beam to be kept well balamsal. 
The re.sults of the test shall lie reported as follows, vi/,.: the dimensions of the 
sp(!cimen in millimeters or inches; the breaking loud in kilograms or fX)unds at 
the first sign of failure; the average ultimate compressive strength m kilograms 
per square centimeter or pounds per square inch, calculated from the measun'd area 
of the sfiecimen Ix'fore the load is applied; tlie speed in centimeters or inches jxt 
minute at which the jaws travel during the t(*st I’hree such tests are avcrag(‘d. 

Transverse Strength. 'Fhis P'st is similarly intended for moulded insulating 
materials,’ but may also lx; applied to bitumini/.ed aggregates containing finely 
divided mineral matter, as in the tensile strength te.st. 

The material sliall lx* coinpre.ssixl to the greatest jxissible density in a hardened 
steel mould, ground so its internal dimensions will measure exactly \ in. by i in by fi 
in. The siX'cimen is tested at 77° F. after immersion in distilled water at 77° t'. for 
48 hours, all surface w'ater having been i-emoved with a dry cloth, and .supported 
on two stei'l bl<K*ks with corners rounded to IJ mm radius, sjmeed (‘xactly 11)1) mm 
apart, and at equal distances from the ends of the spc’cimen 4'he load is applied 
by a wedge-shaiK'd pressure piece, the edge of which is roumled to a 8 mm radius, 
extending across the .s{x^(*imcn with the edge parallel to the edges of the two .siq)- 
ports. The angle of the wedge shall be approximately 45°, and the load applied 
as slowly as iK>ssib!o at right-angles to the sjiecimen, midway betwi'cn the supports. 
The results shall lx; reported in the following manner, viz : the thickness of the 
specimen in millimeters or inchc.s; the actual bmiking load in kilograms or in 
pounds at the first sign of failure; the maximum fibre strc.'ss in kilograms jx^r square 
centimeters or in pounds per square incli calculated by the formula 

2/iD*’ 

where S represents the maximum filx*r stress, P the load applied, L the distance 
between the siqiixirts, B the width of the specimen, and I) the depth of the speci- 
men. The rate at which the load is applied is also recorded, also the amount of 
deflection in millimeters or inches. 

‘"TentHtive TeUs for MoUh-it Insulating Materials" (sVrial Dosign.ition: I) l.S-17 Ti. Cror Am 
Soc. Ttfting Malrnai^, Part I. 780, 1917. 

* “Tentative Tests for Molded Insulating Materials” (Serial De.signntion; 1)18-17 I), I‘roc .Im. 
Soc. Tetiing Materialf, Part I, 782, 1917, 
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Impact Test. This test was oriffiimlly devised by L. W. Phkc fory^Ung thc 
toughncs,s «)f rock for road building,' having since Ix’en adapted b^T^iehardaon 
for testing bituminous aggregates.’ Tlie bituminous mixture is heated to the lowest 
jmsible temperature that will jn'miit it Ixung nmnipulatwl, and formed by com- 
pression into a cylinder 25 mm. high by 24-25 mm. in iliamefer, the ends of whiclT 
shall Ik? plane surfaces at right angles of its axis The hot bituminous mixture is 
comiires-scil in a hollow cylindrical steel mould, 24-25 mm m diameter by 50 mm 
long, having an accurately fitting sttvl plutiger ■ The mould is hMistdy fil]e?t with 
the hot biluininous mixture and compix'ssed with the jilunger by sharp blows of a 
heavy hamnior from the top and bottom re.'-iH'ctively, until it is thoroughlv com- 
pacted. The cylinder of bituminous material is then kruu-ked fniin the mould and 
sawiMl olT or ground down until it measim's exactly 25 mm high I'ln' ileiiMfy 
of the .s|K‘cim(‘ii should Ik* noted and re|K)rled It shall Ik* mainf ana'll in water at 
77” 1'. for IS hours, wiiM'd dry, and tested m air at a temiK*rature of 77" !•' on any 
form of mipact iiiachiiie which will comjily with the following eisseiitials 

(o) A cast-iron anvil weighing not. les.s than Ik) kg. firmly fixed upon a solid 
foundation. * . 

{!)) A hammer weighing 2 kg. arranged to fall frei'ly lietw’cen suitable guicFs 

(0 A jilunger of hardened steel weighing I kg arraiigi'd to slide freely in a 
vertK'al direction in a sleeve, the lower end of the plunger lH*ing spherical, with a 
radius of exactly 1 cm. 

{<!) Means for raising the hammer and dropping it U|K)n the plunger from any 
.specified height from 1 to not I(‘s.n than 75 cm 

(0 Means for holding the cvlmdrical tesi-.Kf)ecimen .securely on the anvil with- 
out rigid lali'ral sup|)ort, and und»r the jilunger in such a way that the centre 
of Its ujiper siirf.ace shall, throughout the test, lx* tangent to the sidicrical end of the 
jiluiigei at Its lowest jioint. 

The test shall consist of a 1 cm fall of the hammer for the first blow; a 2 cm. 
fall for thi' second blow; and an increa.si* of 1 cm for each suee(H*<lmg blow, until 
failure of the tist sjK'cimen occurs 'I’he numiM-r of blows recjuired to shatter the 
te^t-plece is taken to represent the toughiie.s.s, three such tests Is'ing averaged. 
Tests are performetl at three temjK'ratures, viz ' dJ i* ,7/ b. and 115 I'. 

Distortion under Heat. This test is a|)|)hcable to bituminized mineral aggre- 
gates who.se jiarticles do not exceed { m in diameter, the same test sjiecimen being 
ii.sed a.s in the transverse* te.sl (ji 551; ' 

'File apjiaratus used for thi.s inirjKise i.s illustrated in Fig PH. The sjK'cinien 
should rest on steel sujijmrts KK) inm. ajiart, and the load ajijihed on top of the 
sjK’cimen vertically and midway lK*lw(*en the sujijMirt.s, iw in the transverse atrength 
test. The machine shall Ik* arraiigeil to ajiply two dilTerf*nt loads, viz.. 2,5 kg. 
and 5 0 kg. The s|H*eimen is jilaeed m an air bath surrounded by an oil bath, the 
tcm{K?rature of which is increased at a rate of exactly T F. jxir minute. The 
deflection of the siiccimcn at ila wntre lK*twecn the suj^iortx is measured on a 

« Bulletin No 79. Bureau of Them . V 8 I)n>t of Agt . Wwb .DC. Bulletin No 44. Offire of 
Public Hoada. U S Dept of Anr . Waah D C , June 10. 1912 

* “The Modern Asphalt Pavement,” 2nd Edition, 1908. pp 428 and 585. 

• “Tontntivc T.Mh for MoldM InHiilaiina Mnf naU" f.Wial Ibeignalion: D 48-17 T). Prof. Am, 
iS’oc Trthng Matcnalf, 17, Part I. 773, 1917. 

I " Tentative Te>|.. for .Mold<-d IiHulalini? Maleriala." (Senal l>*aiKnation: D 48-17 T). Pro( Am. 
Sex Tcsftnff MateruiU, 17, Part 1, 787, 1917. 
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scale •irN^niimetcrs or mils. The distortion point shall be considered the tempera- 
ture at wnlh^i the specimen has deflected 10 mils. The results of the test are 
reported as follows, viz.: the distortion point in degrees F.; the time required 
for the specimen to deflect 10 mils starting at 77“ F,; curves are plotted, showing 
the minutes horizontally, and the corresponding deflection, also the temperature 
at given intervals vertically. 

Softening-point. An ingenious apparatus for determining the softening-point of 
moulde([ insulating materials, which is likewise adapted to testing pavements, 
asphalt mastic floorings, expansion joints and pijxi-sealing compounds, has been 
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From A S 'I' M Tent Sfandarcla 
Fio, 191.— Apiiaratus for llecording Distortion of Bituminized .\ggrcg:itcs under Heat. 


devised by H. R. Edgecomb* as illustrated in Fig. 195, The underlying principle 
consists in comparing the expansion with the tendency to soften as the tempera- 
ture increases. The apparatus consists of an electrical heater 1 , a plate or slab 2 
above the heater, a hood 3 for retaining the heat, a rod 4 having a relatively large 
lower face resting loosely on the specimen, a rod 5 having a relatively small lower 
face (0.01 sq.in. in area) actuated by a weight 6 of either 2.5 or 5.0 kg., and an 
opening 7 for the thermometer 8. The rods and thermometer rest upon the insulat- 
ing material 9 to be tested, and each of the rods 4 and 6 is provided with a scale 
10 operating in conjunction with stationary vernier scales 11, for recording the 
movement. 

It is important that the sample 9 be provided with two plane faces, also that the 
temiierature is increased at the uniform speed of 1“ F. per minute. The positioas 
of the rods 4 and 6 are noted at periodic intervals, and two curves plotted with the 
temperature as abscissas and the movement of the rods respectively in thousandths 
of an inch as oalinntes. These curves will be identical as the material expanfls 
throughout a certain range in temperature, but when it begin.s to soften rod 5 will 
> y. 8- 1,IS4,}>.17 of May 30, 1910, “Dcvico for TpsIimk Plastir MatcnalH," 
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change its dirrction of travel, ami instead of inoxing upxsard x\ill einl)nl^<l^f in llie 
sample. The j)oint at which thc^ two curves <liverge repn'M'iits the ?i(W(ciimg'jH)int 
of the material. Tlii.s is shown at 01)' F in the chart ilhistiated in I'lg I'.O 


SFl’ARATIOX OF FIXISllFI) PltODUCT INTO I PS ('O.MPONFN'P I'AIPPS 

Separation of the Bituminous Matter and Mineral Aggregate. Miimiiiin/ed 
aggregates are separated into their l)ltummoll^ and nnncral components for 
the combined purpose.s of aaccrtaining the |)ercentage and nature of tin* mineral 
constituents, and for examining the 
physical and chemical character- 
istics of the bituminous binder, 
xvith the object of its identification 
or duplication. Two methods are 
used, including the hot extraction 
proce.'^ devised by Forrest, and the 
centrifugal e.xtraction method 

Forred's Hot Ejrtraction Method. 

The bituminous mixture should first 
be wanned until it may be broken 
apart without fracturing the mineral 
particles The extraction is jier- 
formed in an apparatus illustrated 
in Fig lt)6, con.‘ii.sting of a cylin- 
drical brass jacket surrounding an 
mcande.'icent-light bulb to .‘supply 
the nece.s.‘;ary heat, and enclo.sing 
a bras.s vessel for holding the solvent, 
which in turn carries a cylindrical 
basket compo.sed of 80 rncsh-wire 
cloth for retaining the .•'ample Fold 
water is circulated through the in- 
verted conical conden.scr, which aFo 
serves to cover the apparatus 
Weigh out 500 g of material if 
the mineral particles are coar.scr 
than \ in., or 3(X) g. if they are Fi<; lOo —Ajiparatus for Determining tliv Soften- 
finer than J in. Plaic it in the mg-|Mnnt of Hitumim/ed .\ggregates. 

basket and cover w'ith a pad of 

cotton or felt in thick. Pour 175 200 cc of carlsm disulphide into the 

inner vessel, insert the cover and .Mart the extraction by turning on the incan- 
descent light. The extraction is usually completed in 3 hours' time, wh«>rcui)on 
the apparatus is cooled, the basket containing the mineral aggregate removed, 
dried in an oven and weighed Any fine mineral jiarticles passing through the 
SO-mesh sieve constituting the basket are recovered by filtering the extract through 
a weighed asbestos Clooch filter aa dcwrilied in Test 21o, washed clean with carlxm 
disulphide, dried and weighed. I'his method is used where the bituminous matter 
is to be separated in a pure state for further examination. An alternate method 
consists in measuring the extract in a glass graduate, thoroughly agitating it and 
pouring an aliquot portion into a tared crucible or dish, evaporating the solvent, 
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burning Ti^c resulue and igniting to ash. The fine mineral matter present in the 
entire cxtraH n»ay be calculated from the ash derived from the portion ignited. 



oedion D-D 






SectionC-C. 





Section A- A. 


I' mil, A S T -M I'm, 

l'’i<i. ItHi- Korrest’s llol-extraction Apparatus. 


The total should be added 



Fig. 197.-— Centrifugal Ex- 
tractor. 


to the coarser mineral aggregate previously separated, 
to arrive at the percentage presimt • 

Centrifugal Method. The mo.st efficient apparatu.s of 
this type was designed by C. S. Reeve,- as illustrated 
in Fig. 197. It consists of a ^ h p. vertical motor a, 
capable of making 1100 revolutions per numite at 110 
volts, with either direct or alternating current. Its 
shaft projects into a cylindrical copper vessel b, having 
a concave bottom and draining into the spout c. A 
circular brass plate d, 9J in. in diameter supports an 
inverted iron bowl c, 8J in. in diameter by 2i*^ in. 
high, having a 2 in. circular hole at the top. A brass 
cup / is fastened to the inner side of the bowl, having 


* "Extractor for DitumiDOua Paving Mixturca," by C. N. Forrest, Proc Am. Soc. Testing MatenaU, 
18 , 1000. 1013. 

* "{laboratory Manual of Bituminous Materials," Ist Edition, N. Y., 1016, p. 108. 
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a circle of i in. holes for (he udiinssion of solvent, tind (erminating in axle 

which fits snugly through a hole in the centre of the brass plate df A felt ring 
g, J in. wide and about O.OIK) in. (hick (cut from No. 80 roofing felt) is firnil>' 
pre&'ed against the bowl by the milled nut h for which the hollow axle is suilably 
threaded. The axle in (urn fits snugly over the shaft of the motor, to which it 
is secured by a slot and cross-pin. 

VVeigh 300-500 g. of the bituminous mixture. Iiroken up as pn‘vii)ii>]y dc.st riU'd. 
into (he Ik)w1 c, place the felt ring on the rim of the plate d, and Inilf (liciii'togi'llu-r 
witli the nut i. After assembling the ajiparatu.s, jiour 150 c c. of caibon dMilpliide 
into the Ixiwl through the .small hole.s, place the c<iver over the ctijiiH'r 1 k»\ h, and 
slowly start the motor, gradually incrcjtsing its sixrd until the carbon disulphide 
extract flows in a thin stream from the spout c into an em|)(v flask undeiiif'alli 
When the first charge has drained, the motor is .stopiK-d, fiesli carbon (lisiilpliiile 
added, and the o{)C‘ration repealed 4 (<> <> times until the extract iiiiis clcai llii' 
bowl IS then removed, inverted, the nut 
unscrewed, and any carbon disul|)lude re- 
tained by the mineral matter alli»\\cd to 
evaporate spontaneously The mineral 
matter is (hen dried and weighed It is well 
to filter (he extract through a ( iooch ciucible 
to recover any mineral matter which ma\ 
have worked its w-ay through (he felt img. 
mldmg .same to the balance of the mmei.-d 
matter. 

Ih'Covery of Exluictcd lidumiunu'- Miiltir 
From llu* weight of the extracted mineral 
matter, calculate the biliimmous matter bv 
(hllenaice. and evaporate (he carhoii iImiI- 
pliide extract to exactly this weight 'I'his 
may be eonvonieiitly i>erfonned l»y distilling 
and condensing most of the c.arbon (ImiI- 
phide over an incandescent light or an 
eleetrie stove. The roneeiifrated sohitinii 
IS transferred to a fared di.sh, evaporated 
dry on a steam bath, and tlie last tiaics 
of .solvent removed in an oven at 105' (' 
until (he residue attains (he calculated 
weight The bituminous matter may tlnii 
be examined further, aeeording to am of 
the tests desorilicd in Chaiiters X.WII 
to XXXf inelu.Mve Hue allowance should 
1)6 made for the fact that any non-mmeial 
matter in.soluble in earlM)n d^ulplude (le-t 
215) will l)e retained meehanieally by the (VMiro-.sv «.i x .M'-o*!- 

extracted mineral matter, which with as- -Mrcliameal Sifting Apparatus, 

phaltic products i.s relatively unimfx.rt ant, 

but will amount to a considerable item in (he ca.se of tar products (see table ji. 4H.5). 

Examination of the Recovered Mtncral Aggregate. The presenc-e of any non- 
mineral mutter insoluble in carlion disulphide will lx; revealed by the discoloration 
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of the mmejial particles. In this case, the weight of the latter should lie corrected 
by igniting i^ until all carbonaceous matter is destroyed, and then reweighing. The 
mineral matter may lx? examined further by Te-sts 36r, llOe and 3(>/ (page 539). 
A convenient apparatus for the granularmctric analysis (Test 36e) is illustrated in 
Fig. 198, designed by Forrest.* 


RITUMINIZED FABRICS 

The finished produets falling in this class include sheet roofings, floor 
coverings, waterproof nienihranes, sheathing and insulating pajx'rs, 
expiinsion joints involving the use of woven or felted fabrics, electrical 
insulating tape, and certain ty{K‘s of wall board (p. 38()). As these are 
constructed in many dilfiTent ways, it will obviously be impracticable to 
descrilie in detail th(‘ atialytical midhods applicable to each. The ones 
which follow liave been devised by th(‘ author sjM'cifically for examining 
prepared roofings, ^ but with these as a .starting-point, others may ri'adily 
be ('volved for testing floor coverings, waterproof mcmbraiK's, sheathing 
and insulating papers, (dc. 

For all practical purposes, prepared roofings may be divided into the six types 
illustrated in Fig. 199. 

Type A represents a layer of felt saturated and coated with bituminous matter. 
The .surface coatings may lie either finished plain or dusted with very fine mineral 
matter, and they may Imj either applied smooth and level or with a veined apiiear- 
ance (Fig. 1221 

Type B is similar to Ty|)e A, but sudaced on hath sides with moderately coarse 
mineral matter embedded superficially in the coatings (Fig. 121). 

Type C is similar to Type A, but surfaced on one side with coarse mineral 
matter emlx)dded in the coating (Figs. 12r> 127). 

Type D is comjxised of a layer of saturated felt and a layer of burlap or cotton 
duck cemented together and coated on lop and bottom with bituminous matter. 
Its surface is finished similar to 'I'yiie A 

Type E is composed of two layers of saturated felt cemented together and 
coated with bituminous matter, being finished on the surface similar to Type A. 

Type F is compo.sed of two layers of saturated felt, cemented together with a 
layer of burlap in lietween, and coated with bituminous matter. Its surface is 
finished as in Type A. 

Where burlap is used, it is osually emliedded in the liituminous cementing or 
coating material without previously living saturated, due to the fact that burlap, 
on account of its structure, does not alxsorb the bituminous saturation in the .same 
manner as felt. 

Physical Tests of the Finished Fabric. The finished material is tested for 
pliability, weight, thickness and tensile strength. 

Pliabilily is tested by cutting lengthwise from the centre of the roll a strip 

>"A New Device for the Mechanical Analyaia of Concrete AggrcKatea,'' by C. N. Forrest, Proc. 
Am. iSoc. Tetlitiff Maiertala, 6, 458, 1906. 

* "Analysia and Testing of Prepared Roofings," J, Ind, Eng. CAem., 9, 1048, 1917. 
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1 in. wide, and commencing with the largest, successively Inuiding it around various 
cylinders under water at temperatures of 77 and 32® F., resi)ectively, reconling the 
.cyhndcr on which the surface cracks. Five cylinders an* u.si'd in the lest, meas- 
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Fkj 190.— 'l x pe*' of Prep.ired Hoofing- 

uring 21, 2, U, 1 and 1 cm m diameter, ie.-|KMHvelv .\ ronvenient apparatus for 
this purpu.se is shown in Fig. Ml The falui.- should hr Ismt parallel to Osi*if, 
through an arc of ISO®, at a unifonn sis>ed, and m exactly 2 seconds time. 

i cm 

2icm ^ 

0 /AM 




2(X) .—Mandrels for Te-ting I’hahility. 


The pliabitity is expre-ssed in figure.s from 1 to 10, aa follows: 

1 May \ e l>«nt through an aro of 1W»^ in one dircHion (i « . flat on Utelf), and then throtixh an 
* Jrc of 3f.O“ in the otl.er direction 0 e . flat on itaelf) without iraohing the aurlare roatinga 

2 mI; be flVt on itaelf o e . through an an of 180®! without cracking the eurfa.e coat.n 

but will crack when bent through an arc of 300® lu the other diret lion, 

3 Surface cracks when l»ent throu-h an arc of 180* (flat on itself). 

4 Surface cracks on the }-cni. c>linder. 

6 Surface cracks on the l-cm, cylinder. 
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6 Surface cracka on the li>cin. cylinder. 

7 Surface cYacka on the 2-cm. cylinder. 

8 Surface cracka on the 2i-cm. cylinder. 

9 Both the aurface and the interior of the aheet crack on the 21-cm. cylinder without, however, 

crackinft mtucly throunh the aheet 
10 The aheet cracka entirely through on the 2i-cni cylinder 

Weight, in Ihs. per 100 sq. ft., is determined in accordance with (he method 
to be de8cril)ed later. 



5"' 


Ei<i. 201.— 'IVii.mK* Stmifidi Spccmien. 



Thirknctis, in mils (thousandths of an inch), is dctertmncd with a micrometer 
cali|)er, hjivinu flat bearing surfaces about J m. in diameter. 

Tensile Strength is determined by subjecting a sjiecimen cut in the direction 
of the length of the roll and of the dimensions shown in Fig. 201 to a tension which 
is increased at a uniform speed of 3 lbs. i)cr second, the specimen being maintained 
at a uniform temperature of 77® F. during the test. A simple and effective instru- 
ment for finding the tensile strength is shown in Fig. 202. Ten such tests are averaged. 

The author has found that the following three te.^ts will throw' considerable 
light on the probable liehavior of the liitumini^ed fabric iqxin exixisure to the 
elements. 




MKTHODS OF TFSTINO MANFFACTriiKl) l-li()l)l ('TS V)3 

(1) Hcatwy to 125° F. for 100 Ihs- \ Mrip of <|,(. r(»orinK is cut cxnofly 
12 in.Xl2 in , care l>cing taken not to disdirh any of ihe dciachcd mineral matler 
on the surface, and sus[K'ndr(l in an oven from a thin wiie fasteiitHl llin.unh holes m 
the upper edge of the stri|) Tlie piece of roofing should l«‘ allowe.l lo hang fmdy 
and maintained at a lemperature of 125° F for ItK) hrs M the (*nd of ihis time 
the roofing is allowed to cool. The phal.ihfy, ^^elght. thiekncNs and sdvnglh are 
red(‘ter mined and the changes from the original figures evjiresscd m |H'r(rnlagi‘s. 
Any change m the apix'araiice of the surface should aFo he noted, eg.* sliding 
of (he imiK'ial matter, adsorption of the coating hy (he felt, any yellowing of the 
surface blistering, etc. 

Heating Test No. 1 shows the .su.seepdhility of (he nHifmg to the heat of (he 
Bun. The loss in weight is equivalent to the volatile matter, a decrca.M' in thickness 
would indicati' tiiat the surfa<e coatings ha\e too low a tii'-ing-point and am 
absorbed by the satiirant; a large innea.se in tensile sdcngth and di'crcasc in 
pliability would indicate that (lie looting has a tcmlcmy to diy out inpulK on 
exposuie to the elements Any yi'llowmg of the mineral matter on the suifai'e 
would indicate the prc.si'iue of unstable oils in the bituminous loating or saluialion 

(2) AVpoMoc Id Jir Sutuiatvd wttli Moistuif at 77" F for 100 //;.s Acciiiatelv 

cut a strip of roofing IS in X IS m . and weigh Hemove the detached miner, d 

particles from both sides of the sheet with a moderately still biush, and icwmgh 

(area eijuaF 2J sij ft ) Suspend m a tight box containing .Millicieiit watiT at (he 
bottom to saturate the air with moisture (’over tightiv and allow the .specimen 
to remain m the mobt air for 1(K) hours at 77° F As the moisture cnteis more 
leadily through the cut (alges of the sheet than through the .siiiface itself, 0 m 
should be trimmed from the edges at the (ermmati<»n of the test, leaving a stiip 

measuring exactly 12 m X 12 m , representing (he ceiitial portion «>f (he oiiguiid 

specimen, and weighing of the hitti-r \scerlam tin* weight, (hickiie.ss and 
tensile strength of the 12X12 portion at (lie end of the test, and calculate any 
variation m peiceiitage from the original figiiies 'Ihe im rca.sc m weight should be 
figured on the basis of (lie (tiigmal malciial lutlwimj the detachi’d mineral 
matter 

(2) Inuncisiou vi Hu/er at 77° F fm lOil ///s 'I'his lest is run ('xiictlv Ihe 
same as the preceding, only m tins c.-im* tin ."pei mien should be immiM.si'd eiitiiely 
in water at 77° F for ItHI hours .\n Is m / IS m sheet of looting shoukl be 
used in making the te.st, and trimmed to 12 m X 12 in befoie reiletcrmming ita 
weight, thickiie.ss or strength 

Tests Nos 2 and show the suHc<‘p(il»ih( v of the roofing to (he action of dami)- 
ness and water 

A skeleton of the phy.Hcal fes(.s ju‘*t dcsdilH-d is shown m Table WW'III. 

A variation of these te.sts duisists m lust siibjecting a s|H‘<imen of lh(‘ nxifing 
to the action of moist air or water foi KK) hrs, then ilryiiig at 125" F for KK) hrs., 
re-flubjecting to (lie action of moist air oi wat<*r for another 100 hrs , and finally 
repeating the di>ing proce.ss for KK) hr.s 

Although the.se tests tlirow ron‘*ideiable light on the ladiavior of the roofing 
towards atmospheric heat and moist un-, nevertheless they fail to recoid one very 
important factor, namely, (lie elTect of a(mos|ih('ric oxvUiUou At the present time 
we know of no acceleratisl test b\ which this can lx* accurately measun‘d The 
effect of oxidation can be rtcorded only by actually submitting the najfing to an 
exposure test for a lengthy jieriod of time. (Set‘ p. 577 ) 
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TABLK XXXVm -PHYSICAL TKST[\(! OF PHFPARED ROOFIXGS 
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After 
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for 100 hrs. 



UK) his 
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Separating Prepared Roofing into Its Component Parts. 'Die niinoml matter, 
bituminous matter and fibrous matter are distributed in the following manner: 


2— Fmbc<f(le(I m the 

top aurtare coat- 
1U|C 

3 — Kinheiideil ui the 

hottoiti aurface 
I’oatiiis 

4 — Admuo'l with the top turfare roatiiiK 

(Tvppa \, n, C, D, K .''lid F) 

5— Adiiiixed with the bottom aiirfare roating 

(Typos A, !l, C, D, and F) 

8 — Admuod witli tho oomonting liiyiT 
(Types IC and F) 


MINkllKL MATTKIt 

tVry Fitif Minrral .\[ti(Ur (e k , finely Kroiiml talr, mica or silica) Types A, 
1), K and F (on top and bolttinO also 'I'ype C (on bottom only) 
MoUfiatily ('onrsc Mimnil Mattn (ok, sand, coarsely ground talc, and 
coarse mica (lakes) Type H (on top ami bottom) 


Codtuf MinirdI Mnlitr (eg, crushed slate, crushed brick or tile, crushed 
feldspar or granite, small pebbles or gravel) Type C (on toji only) 


May or may not be present If present consists 
of \er\ fine mineral matter (eg, clay, silica, 
limestone, shale, colored mineral oxides, etc ) 


BITUMINOra UATTER 

1 — Contained in the top surface coating (all types). 

2 — Contained in the bottom eiirfacc coating (all types). 

3 — Contained in the cementing layer (Types IJ and F) 

4 — Contained in the fabric, present in either one layer (Typivs A, H, C and D) or distributed in several 

layers (Types K and F) 

riBROPS UaTTKR 

1— One or more layere of felt (all types), 
a— Burlap or other fabric (Types B and F). 



METHODS OF TESTING MANUFACTEREl) PHODFOrs 


r)()r) 


The separation of prei)ared roofing into its coiniwnrnf parts is carri.al out as 
follows: 

Weight Per 100 Sg. Ft. (’andulh unpark tlu- n.ll. taking ran* not to .lotach 
any of the mineral surfacing or dusting finish Weigh the roofing alter ivn.oving 
the wrapijcr, ends, nails and lap-cement packed m the coie of the r..II M.asure 
the length and hnauith of the* roll witli a stirl la|H', recortling llu* dimensions to 
^ in. (’alculale the area m scpiare feet 

FiRure the weight of tlic fimalicd roofing in Ilis per 100 u<i ft . • (jj 

Cut eeverul tOrips riadly .'I in wnfe the heel 

Note With roofing .'hi m uule, <he«e hlripn uill ineaHiirc cxik IIs J nr] f| , and with roofing .'CJ in 
wide, thej will irnasiiro l h-i It l ind the weinht of «a.h Htiip in >>i.iinH 
Calculate the weight of the rootintj; in Dim per 100 sij ft I'lj 

Note With :hi in roofiiiR. wt i i ll.s per 100 u.i ft (IL^llIXwl .'I m alrip in ki.uiis 
W ith ;i2 111 rootlnv:, wt in IIb perl00B<i ft -O.l.dlVwl .{in etiip in k' nii'^ 

Check —I tcsult (1) mIiouM e p>nl lesiilt (_M 

Detached Minrrul Mattfr Remove the detached mineral particles fnini lioth 

sides of the O-m. sliiiKs with a moderatt'ly stilT liiu.sh or cloth and leweigli m grams 

Culrulate (he woiKlit t|eta< lied niinoral mutter in II>B per 100 fn ft. p 

AV/y Felt atul liurltijr, Total Fnilntlilnl and Adintud Mineral Mallet, Tidal 
liiturntnous Matter. Extract one of the .Tin stiip.s in a Soxhlid extnietm with 
lienzol. Dry the e\tr;icted f.ahric together with ,an> tidhenng inmeral niiitler at 
110'* (’ool 111 a d('.siee{itor and weigh tin' fi'lt tis uipidh as po.ssilile liefoie it has 
an opportunity to alisoih moisture fiom the air Repeat the drying, until the weight 
IS constant ( arefully brush off, weigh and set aside the :idh(‘rmg mineral matter 

C'alnilate t'le wel^''lt of i iudi Inver drv felt or Inirliip I'l 11 N per KMimj ft (li 

Note I »e the Hcparated felt or hurlap for examinin,: its plnsmtl and < heinn ul ehitno letinl icb 
uceordiiiK (o the methods to !«• ttesi rilied Inter 


Separate the mineral m.atter from tla* ben/ol I'xtraet bv filtering or centrifuging, 
wash clean with succe.ssive jHirlions of lieiuol, dry and weigh Combine with the 
mineral matter bni.shed off the extracted felt 

f 'aleiillite the weiuld of tlie totut end e<lded iind admixed mineral multi r in llis per lOO sa ft (^) 

Screen through a .set of standard .sievi's of tlilTerent mesh A mere msiieetion 
of the particles retained by the various streens will enalile one to distinguish the 
moderately coarse or coarse einlicdth'd mineral matter from any very fine admixed 
mineral matter present m 'I'yiK's H and (' 

CulruUte the wciuld of moderatrlv r/.urBc or < ■ urM- • ml/f<l<led mineral matfer in Ihi per PK) kj ft 
for Types H and C, or raleiilate the roinhineil weiKht of \erv hue «ml>edde<l mineral matter 
and admixed mineral matter in llis per KX) b>i ft for 'I vpes A. I), I. and I UP 

Caleulate the total wemht of tntiirnirioui matter in Ihn per ItMl a<| ft , i e , |l)-|(.p d (4) f (.'ij) (7) 

Bituminous Saturation in the Fell. Worm a strip about 2 in. wide cut length- 
wise from the roll, and tear off the coatings as shown in I*ig 20:b taking care that 
in .so doing a.s little as [xissible of the saturated felt is removed with the coatings, 
and, on the other htmd, that none of the eoatmg.s o^* cementing layer remain 
adhering to the strip of saturated felt. The small arrows to the left of the various 
types of roofing illustrated in Fig. 199 indicate approximately where the layers 
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should be separated. This can readily l)e accomplished with a little practice and 
dexterity. Where the roofing is comiwsed of one layer of felt, as in Types A, B, C 
and D, the zone Ijetweon the arrows a and b .should be separated. W'here the 
roofing is composed of two layers of felt, as in Types E and F, separate the zones 
l)etween the arrows a and 6, also c and d, respectively. In this manner, about 25 g. 
of the saturated felt (free from the coating or cementing layers) are obtained from 
each layer. W'eigh and extract each jiorlion separately in a Soxhlct with benzol. 
Dry the .extracted felt at lit)** C. to constant weight, desiccate and weigh. Cal- 
culate the weight of bituminous saturation by difference, and evaporate the benzol 
extract to exactly this weight. 

Ncte— Tbc* the reaidtjc of hituiniiious outuration recovered from each layer of felt for examining its 
r)hj8ical and chemical < huractermtics, aiTording to the methods described later 
Calculate the per cent of bitiiriiinoiis sutiiration carried by each lujer of dry felt (8) 

Calculate the weight of bituminouB saturation present in each lajer of the felt in lbs per 1(X) 8(j ft. 
lic(H)X(4)] (9) 



Fkj. 20:1.— Mt'tliod of Stripping the Coatings from the Saturated Felt. 


Weights of Bituminous Matter in the Coatings and Cementing Layer. —In types 
A, B, C and D. The eonibined weights of bituminous matter m the toj) and bot- 
tom coatings m lbs. jier 100 sq. ft. may be calculated by substracting (9) from (7). 
To find the res|)ectivc weights of bituminous matter in the top and bottom 
surface coatings, take a 3-in. strip cut across the sheet of roofing, from ;\hich the 
detached mineral matter has Ix’cn removed, and split it lengthwise by tearing the 
felt midway between the points a and b (Fig. lOtt). Weigh and extract each section 
separately in a So.xhlet. Desiccate and weigh the dry felt in each section (and the 
burlap in Tyiie D), also separate and weigh the total emliedded and admixed 
mineral matter. Calculate the weight of bituminous saturation pre.sent (le., weight 
of dry felt X (H)). From the original weight of each section subtract the combined 
weights of dry felt, bituminous saturation, embedded and admixed mineral matter. 
The difference represents the weight of bituminous matter in the surface coating 
carried by that particular section. 

Cftlculftte (he weights of bituminous matter iit tiie top and bottom coats, respectively, in lbs per 
100 sq.ft . (10) 

In Types E and F. Take a 3-in. strip freed from the detached mineral matter 
as previously described, and split it into three sections, by tearing through the 
felt midway between the points a and 6, also c and d, respectively (Fig. 199), 
Weigh and extract each of the three sections separately in a Soxblet. Separate, 
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and in each case weigh the dry felt (also the burlap in Type F) and thtf total 
mineral matter. FoUowmg the method previously described: 

Calculate weighta of bituminous matter in the top ami bottom coats respectnely in lbs per 100 

ft. . . . . (11) 

Calculate weight of bituminous matter in the cementing la>or in lbs per 100 sq ft 

Calculate weight of very fine mineral matter admixed with the ceinenting layer in lbs. per ItX) sq. ft. 

Very Fine Embedded Mineral Matter aha Admixed Mineral Matter, in the Top 
and Bottom Coatings Respectively, Types A, D, E and I'\ Take another 3-in. 
strip from which the dclachod mineral matlcr ha.s been bru.shcd olT, and remove flip 
outer layer of the top and bottom coatings respectively, by means of moderately 
rough sand paper. Enough of the surface should lie .serajied to remove every 
vestige of the very fine emlicdded mineral matter, and at the same time care should 
be taken not to cut completely through the surface coatings into the saturated felt 
underneath. 

With Types A and D, split the scraped .sheets lengthwise midway lielween the 
points a and b. \\\\\i tyja's K and F, split the seraiicd sheets lengthwise midway 
respectively, lietween the points a and b, also c and d, discarding the central 
section. Extract the scraped outer section.s separately with benzol as liefore, 
recovering and weighing: 


The dry felt present in (he respectiie scraped sections . (12) 

The admixed mineral mn((er present in (he scraped seclmns (13) 

The total bituminous matter present in the surface coating and saturating the fell in the respectne 
scraiied sections . (14) 

The (Irv burlap (in Tjfie D). 

Calculate the bituminous matter present in the felt in the respectue scraped sertions 
(IK) .rl00X(12)l . (Ifi) 

lleiire the luturmnous matter prosent in the surfme <<>nting rcinnming on the rc8pe<1ive srraiied 
sections “(1 1) - (l.'i) (10) 

The proportion of %crv fine mineral matter admixed with the liituminous matter in each coating 
-(13) -^(ir,) (17) 

Total weight of \ ery fine mineral matter tidmtjtil with the respedixe routings in lbs jicr 100 sq ft 
'■ (17) X( 10) (in Types A and D) or (17) XO 1 1 lin Tx pcs I. and T] (IS) 

And weight of xerv fine mineral matter in the Hurfaic of the rcspcitixc (outings in lbs 

per KKI s<i ft (l») - (18) 


Nature of the Bxtummnus Matter in the Coatings and Cementing Layer. Brush 
off the detached mineral matter from a surface aliout 2 sq. ft. in area. Then scrape 



off the outer portion of the surface coating with a sharp knife. This is accomplished 
by holding the knife at right angles to the sheet of roofing resting on a firm, level 
surface, and rapidly drawing the blade sidcwa)^ under moderate pressure (Fig. 204). 
Care should be taken to avoid scraping entirely through the surface coating. This 19 
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unportsnt, Feigi and then dMve the eerepings in benzol 


mattet by filtering or centrifuging, and wash with sucZive — ™ 


^pmte the 

Dry and imgh the mmeraJ matter. Calculate the weight of bituLus matter 7!^ 
scrapings by difference, and evaporate the combined benzol extracts on the wat^r 
bath to exactly this wei/^ht, completing the evaporation if necessary in an oven. 
Both surface coatings should be treated separately in this manner. In Type D the 
bottom coating may readily lie removed by cooling the specimen in an ice-chest and 
rapidly tearing off the burlap, which will carry most of the bottom coat with it. 
This should he extracted, filtered and the extract evaporated to obtain the pure 
bituminous matter present. 

With Type F the central web of burlap may be torn out, and the bituminous 
matter contaiuc I in the cementing layer separated in the same manner. 

With Type K the bituminous matter may separated from the cementing layer 
between the sheets of felt, by cooling in an ice-ehc.st, rapidly tearing the si)eeimeii 
in two along the filane of the cementing layer, scraping and separating the bitu- 
minous matter as described for the surface coatings. 

Use the separated bituminous matter for c\amining its physical and chemical 
characteristics. 

Testing the Raw Felt. Ash. The ash is determined by incineration and 
calculated in fiercentage. 

Fibres Present. The percentage composition of the fibres is determined miero- 
seopieally by .staining them with a solution of zmc-ehlor-iodidc' (prepared by dis- 
solving 4 g. of potasMum iodide and 0.1 g of iodine In 12 ee of \satcr, and then 
adding 20 g (»f /.me chloride), and counting under a microscope having a magnifica- 
tion of aliout 100 diameters. The individual fibres are recogm/,e<l l)y I heir eliar- 
acteristic shapes and the colors they are stained by the zinc-chlor-iodide solution. 
The percentages are ascertained by counting the fibres in a number of fields and 
finding their average. The following cla.sses of fibres arc reported 


Rag Fibres 


Paper Fibres 


! Cotton fibres • Btuuicd wuie-red 
Wool filiree— urietained bv the solution 
Jute and inanila fibres— stained a yellowish brown 
Mechanical wooil pultt— stained lemon-jellow 
\ Chemical wood pulp (sulphilc and soda) — slaincd i; 


•''h purple to puiple 


The following solution has been suggested for distinguishing the different kinds 
of chemical wood pulp, including unbleached and bleached sulphite pulps ‘ The 
fibres are first moistened with a 5 iier cent solution of aininonium molylKlate and 
then with a solution of paranitroanilinc (200 mg dissolved m SO e e. of distilled 
water, to which are added 20 mg. sulphuric acid, spgr. 1.767). This stains the 
fibres as follows: 

Mechanical wooil pulp . . hrinht reddish orange 

Cnbleaclied sulphite pulp ... faint dul! orange to faint brownish 

Ul(Miclu>d sulphite pulp and soda pulp. colorless 

Another reagent recently proposed for this purpose* is prepared by mixing equal 
volumes of N/IO ferric chloride and N/10 potassium ferricyanide solutions. 1'hc 
moist fibres are immersed for 15 minutes at a tem|)eraturc of 35° C., removed 
and washed thoroughly with water. They are then immersed in a freshly prejiarcd 

' "Paper Reagent," by W. J. Srhepp, Chemtal Analyat, p. 20, September, 1917. 

> "A Methoil to Distinguish between Bleached and Unbleached Sulphite Pulpe," by C. G. Bdght, 
•7. Ind. Eng Chem , 9, 1044 , 1917 . 
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red stain composed oU bcnzopurpurin 4-B extra (Bayer & Co.) 0.4 owimine 
brilliant red BX (Badische Co.) 0.1 g ; and distilled water 1(X) c.e. This is main- 
twned at 45® C. for 5-6 minutes, the fibres thenipon removed, washed immediately 
with water, and examined under a mieros(‘oj>e. I’nljleachcd sulphite pulp, ground 
wood, jute, or any lignified fibres are stained a deep blue (the dejilh deiiendmg 
upon the lignin content); whereas bleached sulphite pulp, soda pulp, rags, v\ool 
or any thoroughly bleached fibres are stained a brilliant red. 

^‘Number." This is an arlntrary figure adopted by tlie trade, conysponding 
to the weight in pounds of a ream consisting of 480 sheets, each measuring 12 m. x 
12 in. 

Thickness. This is expressed in mils. 

Mullen Strength. Since the raw felt is not su.sceplible to changes in tempcraliire 
(as is (he case with the finished roofing) it may be te.s(e<l for tensile stivngth by iik'iiiis 
of the Mullen tester.' The specimen is accordingly tested at room tciiipi-ialiiie by 
increasing the tension at a umjoim s|X‘ed of 2 lbs per sec«ind until it luptures. 

Thickness Factor. This is equal to the thn-Liiess m mils divided by the “num- 
ber” of the felt. 

Strength Factor This is ecpial to (he MulKui stnuigth in ixiunds divuK'd by the 
” number ” of the felt 

• 

Testing the Raw Burlap or Duck. Weight. In the case of burlap and c-otton 
duck, the weight is figured as e\|)lained on p .TK) 

Thickness Kxpres.sc'd in mils. 

Mullen Strength. Determined as described for testing th(‘ raw felt. 

Bituminous Coating, Saturation and Cementing Compounds. Tlie.si* should lie 
e.xammed by the methods dc.scnlx'd in ('hapters .\MX to XXXI inclusive 

Mineral Surfacing and Admixed Mineral Matter. 'I'liese may k* examined by 
the methods outlined in 'I'e.st 86 (p 


BITUMINOrS EMULSIONS 

Those inoliido biluniinoiis {‘miil.sifying oils u.sod for hiving dust (“ dust 
palliatives ” \). TTI), also bilununous enml.sions used for waltuproofing 
Port land-cement mortar and concrete (p. 157). The following products 
are likely to he pre.st'ul, viz.: water, ammonia, various chemicals, bitu- 
minous matter, aniimd and vegetable oils or fats, other forms of non- 
bituminous organic matter and mineral matter. 

Water i.s determined as described for Test 25 Ammonia is liberated by render- 
ing alkali uith caustic })ota.sh and heating if present, it is detected by itj< oiior, 
and may lie determined quantitatively by distilling into a standard solution of sul- 

* The toi'silc strength of the dry felt la irxreuaed niateriall> l»v extraifinjj \mIIi HoheiitB, but 
It may be made to eorreepund closely with its oriKinal fiKuies, by exposit.K (be diiiaturatcd felt 
for .3 da>H to air at 77° F completely saturated with moisture, prior to its beiiiK tcMlcd 'J'he fol- 
luwiriK fiKures will illustrate this [Munt. \u slrenicth onional felt (before exlruftioii), 23.3 lb. 
(avoracc of 10 tests), original felt upon heatiriK to 2i\y F for .'i minutes, eoolinv; in a dasiceator 
and testinp in. mediately, 20 9 lb, orifcinol felt upon extracting with benrol in Soxhlet for 
hours, cooling m desiccator and testing immediately, .30 4 lb. extracted felt expoaed 3 daya to 
air at 77° F carrying 30 per rent moisture, 33 6 lb , extracted felt expoaeil 3 daya to air at 77° F. 
completely aatursteti with moisture, 27.0 lb. 
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phuric acid and rofitrating with alkali. The presence of chemicals may be detected 
by boiling with water, acidifying with hydrochloric acid and extracting the bitu- 
minous and fatty .substances with lienzol. The chemicals remain in the aqueous 
layer and may l)C determined by a qualitative or quantitative analysis. Bituminous 
matter is determined by saponifying the material and then extracting the un.saponi- 
fiablc constituents as described in Test 39. The non-bitummous organic matter 
and the chemicals are siqiarated from the bituminous and fatty matters as previ- 
ously descrilx'd, and the non-bit uminous organic matter in turn separated from 
the chemicals by suitable methods. Mineral matter is determined by incinerating 
a weighed quantity of the material and examining the ash as descriljed in Test 30 
Animal and vegi'tabie oils or fats are examined by Tests 37, 39 and 40 resjiectively 

BITUMINOUS PAINTS, (TCMENTS, VARNISHES AND JAPANS 

As pointed out in (Juipter XXVII, bituminous paints, cements, var- 
nishes, enanu'ls and jtipans art' all charaderizt'd by the presence of a vola- 
tile solvent with a bituminous base, combined in the form of “vehicl(‘.” 
DeiK'iiding Ufion wludher or not the bituminous paints and cements 
contain a pigment or tiller, they may be divided into two general classes, 
viz.: 

(1) Pigment or filler absent: including bituminous varnishes and 
japans, also certain bituminous paints and cements. 

(2) Pigment or filler present: including bituminous enamels, also 
certain bituminous paints and cements. 

The first class consists of a v(*hi(*Ie made up of a solvent and base. 
The second consists of a pigment or filler combined with a vehicle, 
the latter similarly being made up of a solvent and base. The 
bituminous base may be composed of bituminous matter, with or 
without the prescutee of animal and vegetable oils or fats, resins or 
metallic dryers. In making an analysis of the paint, cement, varnish, 
enamel or japan, the following compoiumts are separated and e.xamined 
viz.: (1) solvent, (2) pigment or filler, (3) base. 

Estimation of Solvent. Rdpul tnethod used for determining the iiercentage of solneid 
present: 

The method devised by A. L. Brown is rapid and gives accurate results, but 
docs not recover the solvent for further examination.* Deliver 3-4 c.c. of the 
well-ini.ved material (cements as well tus paints of a heavy body should first be 
thinned to fluid consisteney with a weighed quantity of pure benzol) from a 10 c.c. 
pipette into a weighed glass fla.sk of .’>0 c.c. capacity, as rapidly a.s possible. Stopper 
the flask immediately, weigh, and dilute to the mark with pure Ijenzol. Deliver 
exactly 10 e.c. of the well-mi.\ed material from the pipette upon a weighed ground- 
glass plate, 10 by 15 cm. and 1. 5-3.0 mm. thick, sup{)orted in a level po.sition. 

' "Qunntitativo netcrniiriation of Body and Sohent in Varnish," by A L Brown, Pror. Am Soe. 
Tttiing MaUruiit, 14 , Fart U, 4(57, 1914, " Deternunation of Volatile Thinner in Oil \arni8h," by 
E. W. Bouj(hton, Tei-hnoloKic Paper No 7(5, Bureau of Standards, Wash , D. C., June 21, 1916. 
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The diluted material should be flowed gradually on the plate, the object: lx‘ing 
to cover it entirely, without causing the solution to creep over the edges. It is 
recommended that 7 c.c. lie delivered first, and the remainder, a few dro^is at a 
time during the ensuing 2 minutes. The cva|x>ration of the Itenzol will carry most 
of the solvent with it, and the film is so thin that the solvent will “vaporate in 
ll-2j hours, the plate Ix'ing weighed every half hour U) follow the course of evap- 
oration. Should the material contain a drying oil, the plate must be placed in 
an atmosphere of illuminating gas after the first half hour, replacing it yftcr each 
weighing. The solvent has entirely evaporated when a constant weight is obtametl. 
From this cdculate the percentage of solvent by weight. An idi'a of the* drying 
qualities of the film may lie gained by placing the glass in a fice circulation of 
air after the solvent is eliminated, and weighing it every hour as the film oxidizes, 
until it no longer increasex in weight. If the coating has a tendency to dry 
unevenly, a weighed quantity of fiO-mesh sea sand, jireviou.sly lined and igmti'd, 
may lie sifted over the paint in a very thin layer, but so the jjaiiit will be visible 
between the grains of sand. This will insure a uniform evapoiation of the solvent. 

Method Umi for Recovering the Solveyil for Ita Exovnuatum and /iUnUJtcalum. 
Distil 100 g. paint in a 50()-cc. flask, connected with a .spray-trai> «H(I a virtical 
condenser, and pass through it a current of dry steam, the flask being healed in , 
an oil bath to lOO” C. As the steam passes through, gradually laise the tempera- 
ture of the bath to 130'’ C. Catch the distillate in a separatory funnel, continuing 
the distillation until the funnel contains 4(K) c.c. of water. 'I'o prevent fiothing 
and buminng, it is advantageous to weigh a small piece of broken glass or pumice- 
stone into the flask. Dd the distillate stand until it scpaiales into two layers, 
then draw off the water and determine the volume and weight of solvent ri'ci^veri'd. 
Weigh out another lOf) g into a 2r)0-<’ c. flask and distil without steam over an 
electric stove. Oinfinue the distillation until the roidiie in the flask r<>aeh(‘s a 
temiieratiire of 200° (k 1'hi.s gives somewliat lower results than the fiist method, 
but the distillate should lie tested for water soluble substances to correct the rc'siilts 
obtained by the previous method. I'urpentine dissolves to the extent of 0.3 g. 
for each 1(X) c.c. of water condensed.' 

Pigment and Filler. Dilute 1(X) g. of the well-mixed material with rxX) c.c. 
of Ixmzol in an 800-c.c. stopfiered flask. Let stand in a warm {ilace until the pig- 
ment or filler has settled, then carefully decant the supernatant liipiid into a clean 
flask of large capacity. The pigment or filler is shaken up with 2 .'j0 cc more 
lienzol, allowed to stand in a warm place until if settles, and the supernatant 
liquid decanted into the second flask. Rejieat the treatment with fxmzol until the 
vehicle has been completely extracted from the pigment. The combined extracts 
are allowed to stand quietly to recover any pigment that may have liecn carried 
over with the lienzol, and then carefully decanted through a weighed (iooch crucible 
provided with an asliestos filter. The residues in the flask and on the (iixich crucible 
are washed with lienzol as before, and combined with the balance of jiigment or 
filler which is then dried at 110'* C. and weiglied. The pigment or filler thus 
extracted is used for a (jualitative or quantitative analysis (Test 36r).’ 

Examination of the Base. The combined extracts of the preceding test are 
distilled to a small bulk, transferred to a tared dish, and evaporated in an oven at 

1 '‘Some Techiral Methods of Testing Miscellanefjus HuppIieB," by P H Walker, Hiillpfin No 100, 
Revised, Bureau of Chem., U S. Dept of Agn , Wash , D (' . Feb 2S, 1010 

J " Analyait of Paiota and Painting Materialt," by H. A. Gardner and J A, Bchaetfei*, N. Y., 1911. 
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110“ C. exactly to the calculated weight of the base, by subtracting the weights 
of solvent and pigment or filler from the original weight of material taken for 
examination. When oxidizable substances are present, the final evaporation should 
take place in an atmosphere of jlluniinating gas. 

The base recovered in this manner will contain the bituminous material (with 
the exception of the " free carbon ” which will be separated with the pigments), 
animal and vegetable oils or fats, resins and metallic bases and dryers, it should 
be tested, by the methods described in Chapters XXVIII and XXIX, to identify 
the materials used in its manufacture, or to aid in its duplication. It may be 
separated into its component parts as follows: 


Mitlioil of Analymto the Sfparatvd liitic 

DiHsolvp .'iO K in IfiO PC benzol. Add 10 c <* dil nitru’ acid i\ 1) and hoil under a reflux con* 
denser for J hour to decotniioae any metallic soaps (le ilriers, etc ) Add l.'iO c c water, boil under 
reflux I'ondeiisf'r. transfer to a separatory funnel, draw olT theaqiieois la\er, bod with another 100 c c 
water, and refieat if necessary until all the metals are rcmo\ed 


Benzol Solution 

Distil to 100 c c , a<ld 300 c c of tlie saponifying liquid (Test 39), boil under refluv 
condenser for 1 hour, ami separate the unsaponifiable and saponifiable constituents 
as describe 1 in Te.Ht 3!) 

U Ufut iionifinhle .M atti r 

.Stiponijiahle Matter 

.{(lueous Layn 

Kxamiiie a small portion by Test 

Separate the fatty and irsi i 

Determine 

43 If higlier alcohols are present. 

acids as described in Test 37( 

penentage gl.s- 

separate the Imlam 

e bv 'I'e.st 31) 



cerol bv TesI 

into 


— 


to Miiltiiih 



-- 

Fatly Aetd.s 

Bisin A cut.'. 

this by 10 tf 

Uydrorarhouh 

Ihi/hir .‘Mrohol'. 

Include acnls 

Include acids 

estimate per 

Contain the 


derived from 

derived fri>m 

<ent of \ egc- 

bituminous sub- 

Contain cho- 
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phalt coal-tar pilch 
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Kxainiiie bv the 
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methods included 

ent in resins 




in Chape XXVIII 

( 1 to 89; ) 




to XXXI inclusive 






\>/uroui Kitracl 
('ontains the 
metallic bases a.s 
nitrates K\amine 
qiialitatneh and 
tiien c|iiantitali\ e- 
ly for lead, n an- 
iranose, cobalt, 
/me, calcium, and 
mairnesium 
(N B — The last 
three used for har- 
deniiiK rosin 'I'he 
metallic drsers 
should not bo 

found by Ignition, 
.suite tlie lead will 
l>e reduced to 

metal liv the or- 
ganic matter, and 
volatilized ) 


Note "A ’’ 

The followinn means are used to tlistinguish between the fatty a^ids derived from oxidizctl vege- 
table or animal oils and fatty-acid pitch respectively 

Fottil ,lci</y Dnititl 
Fmm Veddoltle oi 
ini mat Oil-. 

. Less than 25 
Less than 80® F 
Less than 5,0 

. . Translucent yellow to brown 


Lactone Value (Test 375) 

K and S Fiising-point (Test 15(i) 
Hardness at 77“ F (Test Dc) 
Color in Maas (Test 1) 


Fatty Aruis Derived 
Fnim Fothi-aeid 
I'drh 

Cieatcr than 25 
(Ircatcr than 80° F. 
Greater than 5 0 
Opaque brown to black 


(Note ••/?’•) 

Test qualitatively for rosin by the Licbermann-Storch reaction (Test 43) Fcssil resins may be 
distinguished from rosin by determining the saponifiration, acid and ester values of the mixed resin 
acids. The following figures have been reported on the resin acids separated as described: * 

• "The Determination of Kosio in Varnishes,” by A. H Gill, J Am. Chem. Soc , S8, 1723, 1906; 
“Shellac Anahiis," by K. F, Hicks, 8th Intern. Cong, of Applied Chem., II, 115, 1912. 
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Straight ItoBin Varniah 
RoBin J; Kauri 2 Varnish 
Ream 1, Kauri i \ ariiish 
Straight Kauri Varuiah 
Untreated Uosm 
Untreated Kauri Clum 

Other reaiiiB n.ay be cxaimned in a like manner, although unfortunafelv, figurrii arc not at iireaent 
available. 

N oh “ ” 

If this rorrespoiuls with the total eaponifiable matter prcBOiit (Test .'h», then f«(t\-acid pitth and 
reeins are abBcnt ' 

The following is an outline of a method devised by the author for examining 
the dry films of paints, cements, varnishes, enamels, or japans which have been 
applied to surfaces of mclal wood, masonry, or prepaied roofing. It often happens 
that none of the original material is available, and it becomes necessary to twaminc 
the paint after it has been applied to the object intended, and allowed to harden . 
or oxidize in the air, either at normal or elevated tcmixTatures. The nudhod has 
been found to yield fairly accurate results. 

Carefully scrape 50.00 g of the paint or varni.sh film from the sur aee to which 
it has been applied, and avoid including any of the underlying surface.' From this 
point on the method is outlined in the following table: 

Mitho,l of IX-K'I Film.'* 

Boil 50 g Borapincfl with a.'io r r of (he Haponifjmg li.piid (Test :I9) under a reflui rondunm for 1 
hour \dd .'too re boiiiolaholml (I 1). b-ul. lot Bcftle and dc<aiil the iupernataht liquid into a 
large flask Itei.cat the treatn.cnt with benrol-u'MdM-l (1 I) until iimat of (he aolublc n.i,B(ilui-nti 
have been extraitcd. then eomlune (he ex(ra.(« and let etond .piicdy (o recover any further BcttlingB, 
which after dei aiit..tinn and washing are a.h'ed (.• (he n am por^n «d (he re sidue 



Bentol- Alcohol (1 1) 

Ezlracit. 


Rt sidio 

Drv m an oven at 100° (' , pulverize fineU, (ransfer to a paper thimble and 
ex(ra<t iii a .Soxhiet with benrol nh ohd CJ II for 12 hnum 


1//, a ze/-. I /Mi A rdf 2 l)Ljtrort R>-vlur 

- . ^ Ilrv, Ignite and weigh 

"^omh^the benzol-ftlcohol (‘2 1) ami (1 D ex(ra<(B. evaporated to ii 'ri.ia im liideB jugmeiit. and 

small bulk ami nei arate (he ur Biiponiliable and Baponifiable ronsdtueuts Idlers, free earbon from tarB 
n. dem rib.’.l in T. at .'I'.l or j.itehes. also any metallic 

drycfB (ireBCiit (Note " A”). 

Unsa porn fiable Moth r \.'iaponiftalA U'O-z Lityir 

Kxamme ae describe.lj J.mo. me ae des.riliedt Kxaminc as dewribeii 


Thui should be examined rmcroBeupieBny (Teat 3fW/) for filler#, and aul jectcd to a .lualUative or 
quantitative cheimral anal>B.» Note that any ehrome green, ehrorne vellow, J>ruBBia« blue, etc , ye 
tranapoeed by the alkali, and these, alao lampblack or carbon blarko are decomposed on Ignition, for 
which <lui> allowance must be made. 


.•■Determination of Oil and Resin in Varnish.” by E W Houghton. Technologic Paper No. 65. 

Bureau of StandardB. Wash., D C , Feb. 19, 1916 j . . u 

» The blade of n nafety rator held at right-anglcB to the surface «rrap«‘d, and drawn arrow it, 
fllowly but firmly baa been found convenient for llii« puriKise 



CHAPTER XXXIII 
WEATHERING TESTS 

Effects of Weathering. All substancos undorgo a change on being 
exposed to air, moisture and sunlighl. Metals undergo corrosion, rocks 
disintegrate, wchkI dc'cays and animal or v(‘g('tabl(' fibres (k'compose 
by hydrolysis. Ibluminous substances are not. immune from such action. 
On exposure to the weather ii.e., air, sunlight and moisture) they will 
change physically and chemically. 

In the early days of photography, solutions of asphalt in etherial 
• oils such as turpentine, oil of lavender, etc., were used for preparing 
the sensitized photographic film. On exposure to light under the lens 
of a camera, certain changes took place in the asphaltic coating, as 
evidenced by the fact that upon subjecting it to the action of tur- 
pentine, those portions which had been in contact with light became 
insolulde, but those protected from its action readily dissolved in the 
solvent, bringing the photographic image into relief. It took rather a 
long exposure to produce satisfactory images, since asphalt is only 
moderately sensitive to light in comparison with some of the high-speed 
photographic plates in use at the present time. Nevertheless very 
artistic results have been produced by this crude method. It was soon 
observed that certain forms of asphalt were more sensitive than other, 
and Syrian asphalt in particular (p. bl.")) became very popular on 
account of its purity, solubility, hardness and sensitiveness to the light’s 
rays.' It was subsequently found that the addition of sulphur chloride 
increased the sensitiveness of native asphalts, ^ but petroleum asphalts 
were apparently rendered inert in its presence. Further investigations 
revealed the fact that petroleum asphalts free from paraffine are rela- 
tively the most sensitive towards light.^ 

Maximilian Toch noted that bituminous materials on exposure to 
sunlight decomposed with the liberation of “ free carbon.”^ His experi- 

• "Syrian Aaphaltum for Printing Platea," C. Fleck, J. Soc. Chtm Ind., fi. 268, 1904. 

•"Increase of Seii8iti\cnP8S of Asphalt," E. Vslenta, Phot. Kon., 47, 236, 1910, "Sensitiveness 

of Asphalt to I.iRht," hy A Uosinger, Chem Zlg , S6, 243, 1913, "Chemistry of Asphalt and Espinally 
Photo-chemical Properties," by Paul Godrich, ^fon(ttsh , S6, 535, 1915. 

• "The Light-Sensitiveness of Petroleum Asphalt," by Paul Gddrich, Chem. Ztg., 89 , 832, 1915. 

• “ 'JTiP Influence of Sunlight on Paints and Varnishes," by Maximilian Toch, J. Soc. Chem. Ind., 
It, 311, 1908. 
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ments indicated that this action was inhibited by incorporating an 
opaque pigment. He pointed out further that animal and vegetable 
oils (triglycerides) are not affected in this manner, and when blended 
with bituminous materials, apparently retard the action. 

Investigations of the weathering of hituiniiiuus substances have boon coruluctcd 
by Hubbard and Reeve,* Church and Weiss,* Reeve and Anderton* and lieeve and 
Lewis.* The changes brought aliout upon exi)o.sure to the elements are cjtiite com- 
plicated, involving one or more of the following reactions: 

Er(ijH)ration. This represents the gradual loss of volatile constituents on expo- 
sure to air and the sun’s heat. Certain bituminous materials evaporate (luitc 
rapidly, and especially the tars. With any bituminous substance the rati' of evap- 
oration depends almost entirely upon the leiiifierature. Other things being eipial, 
the higher the temperature the grt'ater the volatilization 'I'he deleimination of 
volatile matter (Test 0) is usually n'garded to be an accelerated evapoiation te.st, 
which is supposed to show in a relatively short time at an elevali'd (('iiipi'rature, 
what takes place over a lengthy period when I'xposed naturally to the air and miii, 
This is not, however, strictly correct, as will be e.xplained below. 

Oxiditlioii This taki's place on exixi.surc to air and progres.ses more rapidly 
at high than at low temperatures. The effect of oxidation is twofold, and involve.s 
the direct union of oxygen with the bituminous substances, also the elimination 
of a portion of the hydrogen in the form of water These two reactions may bo 
expressed roughly as follows: 

C,H„+0=C,H^0 

c,nv+o=cj4_, f H,o. 


The absorption of oxygen is accompanied by a gain in weight whereas the 
elimination of hydrogen is accompanied by a loss in weight. At low ti'inperalures, 
these reactions are probably induced to a large extent by the aclinic light rays. 

It is recognized that bituminous sub.stances behave differently when healed in 
an inert atmosphere such as illuminating gas or nitrogen, than when hi'aled undi'r 
similar conditions in air or oxygen. In the former instance evaporation only lakis 
place, whereas in the latter, evafioration occurs as before, but this at the same time 
is accompanied by a loss in weight due to elimination of hydrogen, also by a gain 
in weight caused by the absorption of oxygen. The extent and nature of these 
reactions will depend upon the substance itM-lf, and also on the conditions to 
which it is subjected 

Carhoniznlion. This represents the formation of “free carbon” in the bitu- 
minous material, and is induced by an extensive elimination of hydrogen as indi- 
cated by the follovdng reaction: 

2C.H,+?/0«C,w+tfH,0. 

‘"The Effect of Exposure ou Bitunn n«,’’ by Fn'voet Hubbard atid C. S. Reeve, J. Ind. Eng, 
Chtm , «, 15, 1913. 

* "Some Ezperimenta on Technical Bitumena," Proc Am Soc Tixtxnn Matnxah, 15, 275, 1016. 

*"The Effects of Expoaure on Tar Products," by C 8 Reeve and B A Anderton, J h'ronkhn 
Inst , 463, Oct 1910 

♦"The Effects of Exposure on Some Fluid Bitumens," by C. B, Reeve and R. H. Levis, J. Ind. 
Cktm , 9. 743, 1917. 
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In •other words, it represents the elimination of hydrogen carried to an extreme. 
As a matter of fact, the deposit of free carbon generally contains a small percentage 
of hydrogen, and is rarely composed of pure carbon. (See Hubbard, loc. cit.). 
This reaction progresses most rapidly in sunlight (p. 571) but will similarly take 
place upon sulijecting the bituminous substance to a high temperature (see “Over- 
heating," p. :t40). 

Polijmmzation. This is due to a condensation or polymerization of the mole- 
cules, and manifests itself by a hardening or “setting" of the substance.* This 
polymerization has also been termed “ spontaneous hardening " and is comparable, 
in a way, to the hardening or setting of Portland cement. The reaction may be 
expressed as follows: 

nCjHy = CnxIInti 

Bituminous materials after being freshly melted will appear softer and show a lower 
fusing-point than upon standing a day or two. For this reason it is recommended that 
the hardness and fusing-point be determined on the freshly melted material. Polymeri- 
zation also takes place to a greater or lesser extent on heating bituminous materials 
to a high temperature, and is ('specially noticeable in fatty-acid pitches, some of 
which set and become infusibK* uf)on being heatc'd in the neighborhood of 500° ('. in 
the same manner as cluim-wood nil. 

KJfccts of Moisture. All bituminous substances arc more or less afTected upon 
exposure to moisture, which manifests itself in two ways, namely ly the actual 
absorption of water and by the gradual leaching out of solui le ((mstitucnis. These 
actions become intensified when the substance has oxidized, since oxygenated sub- 
stances seem to have a greater aflinity for moisture than the hydrocarbons them- 
selves. 

The moisture-absorbing projiertk's of bituminous substances may be demon- 
strated optically by pasting a postage stamp on a pii'cc of glass and coating it 
with a film of the bituminous substance ;ipj:li<'d in the form of paint. After the 
solvent has evaporated, the sheet of glass is immcrsod in water, \\ithin 24 to 48 
hours the water will be observed to have iiermeated the paint film, loosening the 
postage stamp, and fonnmg a blister undeincath. 

Exposure to the weather alTects the physical and chemical cliaracteristics of 
biiuminous substuiicea in the following manner, viz.: 


(Teat 1) 

Ct'lof n ti HSa ... 

Bocon es lishter: 

O'eat 2) 

JloiiioKCiifcity . 

. . . .Deetrojed bj the formation of free carbon; 

(Teat :>) 

Luatre , . . 

Diaappears, the 8\irfBce becoming dull, 

(Teat 6) 

Streak 

till ra t ' a \ cllaw; 

(Teat 7) 

8p. gr. at 77® F . 

.... Inrrcaofl 

(Teat 8) 

VwcoBity 

Inrresaoi 

(Teat 9) 

lUrdneaa or voi.aiatfnvy 

Inrreatcs 

(Teat 10) 

Ductility 

Decrcaaca, 

(Teat 11) 

Tensile airciw'th 

I'erreaefs, 

(Teat 12) 

Adlieaivcneee 

Decreapo. 

(Teat 151 

Fuaing-poiiit 

Increase 6. 

(Teat Ifi) 

Volatile matter 

DecreaBoe; 

(Teat 17) 

Flaah-point 

Inrroaaca, 

(Teat 18) 

Burning-point 

Increases; 

(Teat 19) 

Fixed carbon 

iDcreasea, 


'"Tho Tosling of nituimm for Paving Purposi's," by A. W. Dow, Proc. Am. Soc. Tetting 
Uatmah, % 359 , 1903 . 
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(Test 2la) Solubility in carbon dieulphido De^'roasM; 

(Test 216) Non-mioeral matter insoluble Increases, 

(Test 22) Carbencs \ unable, 

(Teat 23) Solubility in 88® petroleum naphtha . 1 ctrcaeea, 

(Test 31) Free carbon Increases, 

(Test 37) Saponifiable constituents , rnehanged, 

(Teat 39) Unsaponifiable matter . rnrhniiKed. 

(Teat 40) Glycerol llnehaiiged 


The weather-resisting properties of hitnminous sulistanre.s are of primary inifxir- 
tance m the case of hituininiyx'd roof coverings, hitununous phints. cements, varnishes 
and enamels, on account of the relatively ihin la 3 eis in which these products are 
customarily employed. 




Ily 


N»fne 

Cum(i'D Co«Ck _ _ 

Ctimp'D iwt n 
Uati MnmifacliircH 

I'rrdom Color 


! t-‘iiinl S'twt'n Amount 

Top CoatiDK • Amount Chur 

t ThidiKsk M’lighI 

|•|lablllty »t rW ^ Toi-. Slniu, 



Conducting Weathering Tests on Bituminized Fabrics, The following system 
has Iwen adopted l>y the author for conducting cxp(»8urc tests on hitumiriizcd roof 
coverings, viz.: 

.Sections 18 in. by 36 in , or 18 in by 32 in. dciicnding ui>on whether the roofing 
is 36 or 32 in. wide, are taken across the sheet, the cutting being sharji and square. 
These arc cxjxiscd on a platform, composed of I in. bmgurd and grooved boards, 
preferably pine, having a 2 in. slojie to the south, the samples being nailed with 
large-headed galvanized barbed roofing nails at the four comers, midway across 
the 18 in. edges, and at three intermediate ixiints along the 36 or 32 in. edges, a 
total of 12 nails lieing msed. A convenient card for recording data both initially 
and after exposure is illustrated in Fig. 205. 
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The' predominating color is expressed numerically as follows; 1 — white, 2 — fairly white, 3 — some- 
what yellowish, 4— yellow, Ty- light gray, 6— dark gray, 7- black, 8— becoming lighter, 9— becoming 
darker, 10— glossy, 11 — dull, 12— iridescent. 

The amount of soaristonc is also recorded in digits, as follows. 1 — much, 2 — considerable, 3 — little, 
■1— very little, !> — none 

The character of the soatistonc is recorded by 1— coarse, 2— granular, 3 — medium, 4— fine. 

The amount of the top coating by 1- much, 2 — considerable, 3— little, 4 — very little, Tr — none 
The character of the top coating. 1— coarse \eming, 2— moderate veining, 3— fine veining, 4— 
barely veined, h- smooth. 

The dimensions arc recorded in inches measured lengthwise and across the specimen, the thickness 
in mils, the weight m grams, the pliability expressed ns on p Ttbl, and the tensile strength as on p. .'>02. 

Both the indoor and evimscd samples are c.xaniined at the following intervals, 
viz.: 2 yci!'*'* L ^ years, and the data recorded on I he reverse side 

of the card, in columns A to H inclusive. The condition of the surface is expressed 
in digits as follows: 

(A) tlie amount of fixed soapstone remaining, ciprcsscd as 1— much, 2— considerable, 3^1ittlc, 4 — very 
little, 5- none 

(H) tlie amount of wcallicr-coaling remaining, expressed as 1— intact, 2— considerable, 3— little, 4 — 
very little and rc-none 

(C) the condition of the exposed surface, e\i)rc88cd as 1 — unchanged, 2- homogeneous, 3- mottled, 
4 — smooth, .V- rough, (>- few line checks, 7— co\ cred with fine checks, 8 — few ct larsc checks, 9 — 
covered with coarse checks, 10- checks disappearing, 11— -few blisters, 12— co\cred with blisters, 
13 — iiitted, 1 1 few hair cracks, l.'i— co\ere(l witli hair cracks, 10— co\ered with coarse < racks, 
17 — felt exposed iti spots, IH- felt largely exposed. 

(Da) the predominating color of the imloor sample, and 

(Db) the predominating color of the exposed sanipio expressed as noted r>re\ ioiisly. 

(E) the amount of ‘’(lusting" determined by riiblung the surface with a white cloth and observing 

the amount of weathered bituminous coating remoxed, designated as I— none, 2— \cry little, 

3 — little, 4 — coiisiderablo, .I — very much 

(F) the influence of rubbing on the color, dcsigi ufcil as 1 — none, 2 — becomes dull, 3 — becomes rusty, 

4— becomes lighter, .‘I— becomes darker, ti becomes glossy. 

(Ga) the pliability of the indoor sample at 77® F (sec p. otil), and 
(Gb) the pliability of the exposed sample at 77® F 

(Ha) the tensile strength of the indoor sample at 77° F., and 
(Hb) the tciisilo strength of the exposed samide at 77° F , and 

(He) the percentage mcri'iisc or de( rease in the tensile strength of the exposed sample over that of the 
indooi sample. 

'Hie 8 siicfHiicns illustrated in Mg. 2()() represent, tyiiicnl surface conditions as 
recorded in column (!. 'I'lic appearance of s|)ecmien A may He expressed as 1-2 
(unchanged and homogeneous); tliat of s|iccimcn B sis 7 (covered with fine checks): 
8|)ecimen C as 1) (covered with coarse checks); specimen I) as 10 (checks disap- 
pearing, meaning that they existed when the previous observation was made, but 
have since largely disapiicared); that of siMieimen E as 11 (showing a few blisters); 
that of siiecimen K as 15 (covered with hair cracks); that of siiecimcn G as 16 
(covered with coarse cracks); sjiceimen II as 18 (felt largely exposed). These 
photographs were taken after the sjieeimens were ex])oscd to the weather for five 
years. Fig. 207 shows specimens A and H enlarged SJ diameters. The veined 
surface of A shows up very distinctly, and also the characteristic uneven appearance 
of the roofing when the weather-coating has worn off and the felt fibres exposed, 
as in 11. 

“Cheeking” is distinctly a surface phenomenon which manifests itself with 
certain sulistances on exposure, 'fhe cheeks rarely extend entirely through the 
bituminous eoating, and are seemingly caused by the hardening and contraction 
of the upiier stratum, resulting in a tension which is sufficient to cause it to crack 
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and slide over the softer sub-stratum. Bituminous sul)stanec8 which are largely 
influenced by changes in temperature (in other words having a high susceptibility 
factor) are likely to check. As tlie ‘'spontaneous hardening” (p. 576) progresses 
downward into the lower layers, the checks gradually disappear. 

Blistering is caused either by the accidental inclusion of globules of moisture 
underneath the bituminous coating, or by using a saturating material carrying an 
abnormally large profiortion of volatile constituents. The heat of the sun will 
cause these to gradually vaporize, and the pressure exerted on the weather coating 
form.s lilisters. 

Hair cracks are caused by the contraction of the bituminous material, and take 
place with substances which are hard, brittle, and devoid of elastic properties. The 



(A) (H) 


Fig. 207. Fnl.irgemcnts of SpcciuH'ii.s A and H in Fig. 2(kl 

action is aggravah'd by the use of soft plastic saturating n.atetials in conjunction 
with a hard and brittle coating. The cracks usually extend all the way through 
the bituminous coating, and will neither seal u|) nor disappear in time, as is the case 
with the checks. 

The predominating color is a criterion of the rapidity with \\hich the soapstone 
or mineral matter on the surface disappears, and the ” dusting " furnishes an indi- 
cation of the rate with which the bituminous coating weathers away on exposure, 
As bituminous substances weather, they form a pulverulent chalk-hke mass having 
but little coherence, and which is therefore easily removed by wiping with a cloth. 
This corresponds to “ chalking ” of linseed-oil paint films. The influence of rubbing 
on the color is of supplemental value, furnishing an indication of how deep the 
weathering has progressed. 

The pliability of the roofing shows to what extent the roofing has “ dried out,” 
bearing in mind that when the pliability decreases to a certain extent, the sheet 
can no longer fulfil its function properly, but will break upon being subjected to 
a severe vibratory strain. 

The tensile strength indicates the extent to which the weathering has weakened 
the roofing, also an approximation of its residual wearing qualities. By constructing 
a curve of the tensile strength of the sheet at different intervals, some idea may be 
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gained of its probable durability. As the roofing ages indoors, it gradually gains 
in strength, until it finally remains constant. A similar sheet exposed out doors, 
rapidly gains in strength up to a certain point, which corresponds to the disappear- 
ance of its weather coating. The tensile strength will thereupon decrc'asc until it 
falls below the corresponding strength of the indoor sample The roofing reaches 
its "mean effective life" when the strength curve of the outdoor sample crosses 
the curve of the indoor sample. This wall lie made clear by Fig 20s showing the 
strength curves of representative high-grade 1, 2 and 3 ply smooth-surfaced pre- 
pared roofings weighing 32, 42 and 52 lb. net per 108 sq.ft. The solid lines 'represent 





Two PJ^ Indoors 
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Conducting Weathering Tests on Bituminous Paints, etc. Bituminous paints 
may similarly be tested by applying them in one or more coats to steel sheets 
or wooden panels, and observing their appearance at regular intervals. The follow- 
ing features should be recorded: 

(1) Lo 0 a of luBtre. 

(2) Condition of the exposed surface. 

(3) Amount of dueting. 

(4) Influence of rubbing on the color. 

(5) Any chipping of the paint and exposure of the underlying surface. 

(6) Any corrosion in the case of the steel pistes. 

Items 2 , 3 and 4 are recorded as in the foregoing tests on prepared roofings, 
and items 1, 5 and 6 in accordance with any convenient scale of measurement. 

Much has been written concerning the methods for performing exposure tests 
on paints, and for further information on this subject, the reader is referred else- 
where. 
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SUlilECr 1M)K\ 


A 

Absorption tost oE 

bitiiininizoil roohtiKS, .Milt 
t)itutMinous ('oinjioMtioiiB, .m2, .OTti 
iiiBulaliiiK piipors, 4.'}.S 
paint'*, 

Aootono, 11, ISS, Mitj 

Holiibilit.v in, w "soInliilit.N ” 

Acctono oils, IMS, IMt, !<>'» 

Aoet.\lonos, .'IH 

Aoid aaiilmlt, w* "simile asphalt” 

Aoid oil distilliito, dOl 
Acids 

asphaltoiis, "uHiihaltoiis acids” 

fatty, fir "futt\ lu id.s” 

free, <>('c "free acids” 

resin, ffe ■' ro.'*iii ai ids" 

tar, fd ‘‘tar lu ids” 

Acid sliiduc, see ‘'sliidito'' 

Aoid-slinlue ustihalt, s<t> "sludKO aaitlialt" 
Acid \aluo, .')1.S 
Adhesive compositions, .'{92 
Adhesive cotiipininds for 
hiiilt-iip roofinir, 112, 111 
wateriiroofiiiK, 4 12 

.Adhesive or adhesiveness test, 4S1, .AtKi 
Kirsi hliraiin's, .Vl? 

Osborne's 5t)G 
AcKcnte, l.'il 
Aconite, I.')! 

.\fncu 

idl.eitite in, «ee '•albcrtite" 
asiilmlts 111, f.ee '' asphalt ” 

Ni'cd surface of bitiinnnoiis niatcriiils, 4>v.'i 
Ajrjjreaate, •ae "mineral aKKre»rate" 
Aititators, .in.'}; 

,\ir condensers, 174 
Air-<irv iiiK |»ainta, 172 
Air-drv injj varnish, 17.{ 

Allmnia, asphalt in, ew "asphalt”^ 

\llierta, asphalts in, ni "asphalt" 

Albert coal, H>, hV.i 
Albert shale, l<i2. 221 
.Mbertite, 1 ■')■{, lt'2 

characteristics «)f, 1 1't 
clasBihcalmii of, 2ti 
deixil.v merizatinn of, .W, >'{11 
disctiverv of, lb 
distillation of, 221 
nietamorph*»8is of, ,06 
Albertite in 
Australia, l-W 
Canada, lod 
I'nited .'^Utes, 155 
rtah, 1.5.’» 

West Africa, 150 


Albertite sli/iles, l.Vi 
AIcnlMl-., 11. is.'i, IS.S, ivi. Itii< 
hiclier, ■(/ "higher alcohols ■■ 

.Mitcint, asphalts in, *<« ‘ asplialte " 

Msin e- l.oriaine. asplialt.s in. m. ' aaphalts 
Ammonia. 12, 2(t\ 2211, 2.II. 21.I. 21, '» 

.XminoiiMini sulphate, 2tMl, 221 
AiiaIvsiH ol 

bitiiminized fabric.s, .*>01) 
bituininiKed miin nil iiKifieiiatcs, .'’>.52 
bitiiininoiis cements, ,'>70 
bitiiiiimoiiH emulsions, .5611 
bituminous paints, 570 
bituminous japans, ,‘>7() 
bituniinous varnishes, 57t) 
diied jiaint films, 57,'{ 

Analvsis, ultimate, 12 
Anhv.lrides. .')i;i 

asphaltoiis acid, nx "itspliMltou,i acnl anhv' 
ilrides" 

Animal < hnicoal, .{■{7 
.Xiiinial bits, .{I7. .'f41, .'>1'» 

Animal oils, .117, dll , .510 
Aniinul theoiies, -n "theoiies" 

Animal waxes, .117. -M'* 

Anthrinene, 41, ItiD, 215, 2|M, 5511 
Anthraiene oil, 2.1 1, 2 It'. 2 is 
Anthrii'ite foal, l.tl. *>l. '220, 2 is, 1S2 
classitn at ion of, 26 
inetuniorphosis <il, .5S, til) 

Anthiacoxeniti . .511 
Anthrmiuiiione leiu tion, IM, 550 
Arabia, asphalts in, wc "asphalts” 

Ariailian shale, |ti2, 221 
ArKentine, asphalts in, m "asjihalts" 

Arnulite, 102 

.Aristotle on asphalts, 10 

Arkansas, iiiipsonite in, kx "iinpsonite" 

yXrmalure-carbons, 451 

.Ariiiorecl bitnmini/ed fabrns, .!S5 

Art itiniil asphalts, ^x ' petroleum asphalts" 

Asbestos felt. Hilt) 

Ash III fell, 'ISO, :i'MI. .50S 
Asia, asphalts in, x> "asplialts" 

Asiatic ItuHBia 

asphalts in, six "asphalts" 
elateritf in, «tt "elateiitc” 

Asphalt: 

and, see “acid asphalt" 
ncid'ShidKC, nx "and'sludire asphalt" 
associateil minerals. 17 
Harhados, *<e " Barbados as|)hall " 

|{ermudez, *ee "Heriinidez asphalt" 
blown, see “blown |H-troleutii asphalt" 
eheniistrv, of 1,5, 28 
I lossitication of, 14, 26, 82 
roiiipoaitun of, 42 
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Continued: 

fondenscd, see "blown petroleum asphalt" 

consumption in U 67 

fracking of, 56, 277 

cut-back, see "cut-back asphalt" 

definition, of, 23' 

discovery in Cuba, 12 

discovery in Trinufed, 12 

distinguishing from fatty-acid pitch, 330 

Dubb’s, see " Dubb’s asphalt" 

exports from U. S , 66 

extractioir of, see "extraction" 

for waterproofing, 442, 443 

geology of, 46 

heating of, 58 

imports into U ,8 , 60 

LaBrea, see "liaBrca asphalt” 

lakes, 48 

Limmer, see "Limmer asphalt” 
liquid, 82, 268 

Lobsann, see "Lobsann asphalt” 

Maracaibo, see "Maracaibo asphalt" 
metamorphosis of, ,55 
native, see "native asphalt” 

Neuchatel, «cc "Neuehatel asphalt" 
origin of, 14, 55 
origin of word, 1 

oxiilised, see "blown petroleum asphalt" 
oxidised petroleum, see "blown petroleum 
asphalt " 

oxygenised, see "blown petroleum asphalt” 
petroleum, see "petroleum asphalt" 
production of, 62, 03, 05 
properties of, 22 

pyrogenous, see "pyrogenous asphalts" 
llagusa, see " llagusa asphalt” 
residual, see "residual asphalt" 
rock, see "rock asphalt" 
seepages, 48 

Seyssel, see "Seyssel asphalt” 
sludge, see "sludge asphalt" 
springs, 8, 48 

straight-run, see "straight-run asphalt" 
sulphurucd, see "sulphurized asphalt" 
Tataros, see "Tataros asphalt" 

Trinidad, see "Trindad asphalt” 

use by Babylonians, 0 

use by Egyptians, 5 

use by Persians, 4 

use by Sumerians, 1 

use in Biblical times, 6 

Val de Travers, see "Val de Travers asphalt" 

V eins, 50 

wurtzilite, see "wurtzilite asphalt" 
Asphalt-bearing shales, see "shales” 

Asphalt block pavements, 7, 373 
Asphalt broken stone pa\emcnt, 360 
Asphalt cement, see "asphaltic cement” 
Asphalt-cork composition, 453 
Asphaltenes, 527, 546 
Asphaltic cement, 370 
" Asphaltic coal,” 16 
Asphaltic constituents, 481, 545 
Asphalt fillers, 382 
Asphaltic limestones, 26 
Asphaltic petroleum, see "petroleum" 

Asphaltic pyrobitumen, 146 
classification of, 26 
compositon of, 43 
definition of, 24 


Asphaltic pyrobitumen— Conftnued 
heating of, 58 

metamorphosis of, 52, 55, 67 
origin of, 52 
production of, 62, 64 
properties of, 22 
veins of, 50 

Asphaltic pyrobituminous shales, 56. 158. ISO 
482: 

classification of, 26 
metamorphosis of, 56, 57 
Asphaltic resins, 547 
Asphaltic sands, 71, 94 
Asphaltic shales m Colorado, 66 
Asphalt in: 

Africa, 126 
Albania. !0, 90 
Allierta, 105 
Algeria, 126 
Alsace-Lorraine, 118 
Arabia, 126 
Argentine, 116 
Asia. 91. 125 
Asiatic liiissia, 125 
Austria, 120 
Baku, 12 

California, 66, 83, 102 
Canada, 10.5 
Cuba, 12, 86, 107 
Dead Sea. 6, 11, .51, 126 
Kastorii Siberia, 91 
Europe, 90, 1 16 
Eraiicc, 13. 90, 1 10 
(iormany, 13, 119 
CJ recce, 90, 123 
Imliana, 93 
Italy, 122 
Japan, 125 
Kentucky, 66, 82, 92 
Louisiana, 100 
Mesopotamia. 8, 126 
Mexico, 8.5, 107 
Missouri, 93 
Nigeria, 126 
North America, 82, 92 
Oklahoma, 06, 82, 93 
Oregon, 85 
Persia. .5, 8, 13 
Philippines, 91 
Portugal, 124 
Hhodesia, 128 
Hiissia, 124 
.Siberia, 91 
Sicily, 123 

South America, 80, 108 
Spam, 124 
Switzerland, 14, 117 
Syria, 91. 125 
Texas, 66, 100 
Trinidad, 12, 108 
Tnited States, 82, 92 
Utah. 66. 82. 101 
Venezuela, 17, 86 
Asphaltites, 127, 340; 
classification of, 26 
composition of, 41, 43 
definition of, 23 
geology of, 46, 50 
heating of, 58 
metamorphosis of, 55, 17 
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Asphal till's — Continued 
production of, 62, 64 
veins of, 

weathcr-resistance of, 340 
Asphaltites, Lake, 11, 12 
Asphalt-leather mixtures, 454 
Asphalt macadam, see “bituminous macadam'' 
Asphalt mastic, 15, 374, 434 
Asphalt mastic floors, 374 
Asphalt mastic foot-pavements, 374 
Asphaltous and anhydrides, 546 
Asphaltous acids, 546 
Asphalt paints' see “bituminous paints”; 
use by Romans, 12 

Asphalt pavements, stone-filled, tter “stone- 
filleil sheet-asphalt pavements” 
Asphalt-saturated felt, 3U7, 429 
Asphalt saturator, 396 
Asphalt tiles, 374 
Asphalt um, nee “asphalt ” 

Asphaltum oil, t<f( “residual oil” 

Austria- 

asphalt in, Hff “asphalt" 
pyrobituminous shales in, «cc "jij robituminoiia 
shales” 

Australia 

albcrtite in, see " albertite " 
elaterite in, see “ clatcrite ” 
pyrobituminous shales in, see “pjrobituminous 
shales" 

Automobile oil, 268 

n 

Babylonians, use of aspiialt by, 6 
BafTo-plate separator, IHl 
Baffle scrublicrs, 175 
Hagira, 76 

Baking japans, 477. 478 
Baking \ arnishes, 478 

Ball and ring f using-point method, set “fiising- 
point" 

Barbados glance pitch, set “glance pitch” 

Base course. 360, 362. 367 
Base of bitumiiioua imiiits. 462 
Base of paints, examination of, 571 
Bathvillite, ItK) 

Battery-box compound, 451 
Battery carbons, 451 
Baiiinf* scale. 487 
Bedding course, .373 
Benzenes, .38 

Benzine. 211. 267, 281. 464, 466 
Benzol, 38. 227, 232, 245, 256, 465, 46<. 

Benzol, solubility in, set “8olubilit> in benzol" 

Benzoline, 267 I 

Bermudez asphalt, 17, 86 

Biblical times, use of asphalt in, 6 

Bibliography, .583 

Binary mixtures, 342 

Binder- 

bituminous, see “bituminous binder” 
close, see “close binders” 
of briquettes, see “briquette binders" 
of sand cores, 251 
open, see “open binders” 

Binder course, 368 
Bitulithic specifications, 364 
Bitumen: 
definition of, 21 


Bit umen — ron/i'flued.’ 
early definition of, 13 
“elastic." 13 
origin of term, 1 
Bitumens 

classification of, 26 
eoiiipoBition of, 42 
geology of, 46 
metamorphosis of, 52 
iiiovemeiit of, .50 
occurrence of, 17 
origin of, 4ti, 52 
properties of, 22 
Bitumiiiated cork mixtures, 453 
Bitiiiiiinateii leather mixtures, 451 
BiIuiiiuiizinI fabrics, 3.80, .56(1, 577 
Bituiniiuzcd floor covering, 126 
Bituiiiiruzeil iiiinernl aggregates, .i52, 552 
liituiiiinutHi tapes, “electncal insulatuig 
tapes" 

Hitiiniiiuzed null board, 440, .560 
Bituminous 
dehiution of, 21 

Bituminous adhesive eonqiosilion, v,, “udlusivu 
compositions" 

Bituminous binder, 357, .36t). 3(i5 
Bituminous broken stone pavcmi ills, 361) 
Bituininoiis carpets, n< "cuipel loal ' 
Bituniiiious cement, 365, .i70, 4ti2, t7.< 
atial.vsis of, 570 

Bituiiiiiioiis eoal, (>0, 61, lliS, 225, t82’ 
elassification u|, 26 
eokiiig, 226 

destructive distillation of, 227 
melaiiiorphosis of, .5.8 
soliibilitv of, 226 
V olatile matter in. 168 
Hituiiiiiioiis eoiil shales, 1.59 
Hitiiminous coating compositions, 392, 437 
Bituiiuiioiis coiiii>osilioiis, 1 12 
Bituminous concrete pavemeiits, .9t2 
Bituminous diist-luving oils, 2*i8. 3,5.f 
Biliimiiioiis eniulsioiiH, 351, 3.51, (.58, .569 
BitumirioiiH enamels, i<i2. (76. 570 
Bituminous expansion joints, .(S3, ,560 
Bitiiminoim tillers, 7, 382 
Bitiitiiinoiis fuels, 451 
Bitumiiioiis gravel pavements, 360 
Bituminous japans, 462, 477, 570 
Bituniinoiis lignite, 204 
Bitiiiiiinous niacndaiii, .(60 

Bituminous materials, physical charactenstici of 
set ” phv Hical cliaractcristK s ' 

Bitunuiious matter 
discovery of in .\' V Stale, 16 
•liscovery of in 1’ .S , 16 
extraction of, 557 
in roofings, ,564 
recovery of. 5.59 

separation from mineral aggregate, 557 
Bituminous mixtures, 3,38 
classes of, .318 
Bituminous paints, 462 
analysis of. .570 
resistance tt» moisture, 576 
weathering of, see "weathering teiU" 
Bituminous paving materials, <352 
Bituminous rubber substitutes, 451 
Bituminous saturating compositions for: 
electncal insulating tii(>c, 4.39 
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Bituminous saturatinR roinpositions iot -Conl'd' 
fiooririK fabrics, 42l> 
insulating and shoatbing papers, 4:{7 
prepared r6ofingB, 3UO 
waterproofing niembriities, t2t) 

Bituminous siibstrmces 
blending of, ;iHH, ;}4S 
chemical eompositioa of, 42 
chemistry of, 28 
classification of, 12, 10, 2(> 
consistency of, 238 
f'' 1nition»of, 21 
emulsification of, 351, 354, 458 
fluxing of, 339, 310, 318 
fusibility of, 339, 340, 482 
hardening of, 343 
hardness of,. 339, 340 
heating of, 349 

improving amalgamation of, 344 
increasing tensile strength of, 345 
making more weatherproof, 345 
overheating of, 350 
preparing mixtures of, 338 
roduoing susceptibility of, 344 
rendering war-like, 347 
softening of, 343 
terminology of, 19 
volatility of, 339, 340 
weatherproof properties of, .339, 340 
Bituminous surfaemgs, 3.57, 3.58 
Bituminous varnishes, 402, 474, .570 
Black grease, 320 
Black oil, 208 

Blast-furnace coal tar. 27, 100, 238, 212, 213, 
482 

Blast-furnace coal-tar jutcb, 27, 2.52, 482 
Blau gas, 201 

Blending, methods of, 3.38, 318 
Blistering, .580 

Blocks, asphalt, see “us.dialt block pavements" 
Blower wax. 77 

Blowing, efTocts of, on asphalt, 2'tO 
Blown asphalt, see "blown petroleum asphalt" 
Blown coal-tar pitches, 2.55 
Blown Oklahoma asiihalts, UK) 

Blown petroleum asphalt. 17, 18, 209, 287 
carelcsslv prepared, 2tH 
classification of, 27 
composition of. 13, 2.S9 
from asplilatic petroleum, 294 
from mixed-base petroleum, 291 
from non-Hsphaltie petroleum, 294 
properties of, 292, .311. 482 
relation between fusmg-pomt and hardness, 293 
relation between fiising-pomt and spgr , 293 
weather-resistance of, 291, 341 
Blue-gas, 2.57 
Bogheaii cannel coal, 100 
Boiled tar, 188 
Bombiccite, .59 
Bone charcoal, 3.37 
Bone fat, 319, 320. .327 
Bone-fat pitch, 317, 328, 3.32, 335 
Bone grease, refining of, 327 
Bone oil, .337 

Bone tar, 27. 100, 317, 3.30, 3.37, 482 
Bone-tar pitch. 27. 317, 330, 337, 341, 482 
Bottom peat, 197 
Boussingault on asphalts, 1.5 
Brauehite, 59 


Brazil, pyrobitiiminous shales in, see "pyrobitu- 
iniiioiiB shales" 

Breaking weight, 390 

Brightening of petroleniii products, 278 

Brnpiette binders, 4.54 

Brupietting, use of eoul-tar pitch for, 251 

Browiieoal, see "lignite” 

Burgundy pitch, 190 

Burlap, 390, .509 

Burning oil, 207 

l*urning point, 481, 520 

Bursting strength, see " Mullen strength" 

But.vrellite, .59 

Bjerhte, 18, 287, 289 

C 

(’al)le pitch, 80 

(‘alifornia, asphalt in, see “asphalt” 

('alifoi ma residual asphalt, see “residual asphalt” 
Canada: 

albertitc in, .see" albert ite" 
asphalt in, su- "asphalt " 

pyrobitiiminous shales in, see “py.obitiiminous 
shales " 

('anadol, 207, 404 

Candle piteli, 317 

Candle stock, 318 

Candle tar, 317 

Cannel coal, 00, 100, 109, 225 

I Cannel coal shales, 1.59, 100 
Canncloid coal, 00 
I Capillarily, 51 
Carbcncs, .142, 181, 520 
I (’arbolic ml, 248 
I Cat bon, 28, 45, 481, .5.30 
Carixin disulphide. 4(i0 

noM-imnoruI matter insoluble in, see “non- 
lumeral matter" 

Solubility in, Sit "solubility ” 

Carbonization of bituminous substances, 3.50, 575 

Carbon oil, 207 

CarboiiH- 

for armatures, set “armature carbons" 
forbattciics, o* “battery carbons " 
(oreloctric-ligbts. “elcctric-light < urboiis” 
Carbon tetrachloride, KiO, 527 
Carbureting ml, 2.58 

Carcaas -rendering grease, refining of, 327 
Carpet eout, 3.57 
Carpeting medium, 209 
Cement 

asplialtie, sti “asplialtie eement" 
bituminous, sn “bituminous I'ement” 

C'ement waterproofing eompouiids, 434, 
Centrifugal defleetor, 178 
Centrifugal method 
for dehvdrating, 182 
for separating bituminous matter, 558 
Centrifugal serubbers, 177 
Feld type, 177 
Beading type, 177 
Thiesen type, 177 
CeroBine, 20, 75 
Checking. .578 
Cheese piteh, 115 
Chemieal tests. 481, 529 
('hina-wumi ml. 403, 47.5, 478, .551 
Chloniform, 4t)0 
Cholesterol, 3.31, .549, .5.51 
("holesterol pitch, 317, .329 
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Classifiration of: 
asphalt, 14 

IntuiiiiriouB BiibstanrcB, 12, 19, 20 
Clay, colloidal, nee “colloidMl clay" 

"Clay pJKCoiiB, " coal-tar pitch UBcd for, see "coal- 
tar pitch " 

Cleaning oil, 211, 213, 207 
Cleats, roofing, see "roofing cleats" 

Cleveland open tester, see “flash-point" 

Close binder, 300 
Coal 

Albert, see "Alliert coal" 
anthracite, sn "anthraute coal" 
asphaltic, see "aBiihaltic coal” 
bitiiininoiiB, ste ” bitnininoua coal" 
cannel, sr< "carincl coal" 
canneloid, ‘'(amieloid coal" 
coking, sii ‘‘coking coal" 
gas. wc ‘‘gas coal" 
gcolog\ of, 40 
glaiK'C, s(( "glance loal" 
parrot, see "parrot coal” 
pitch, see "(iitch coal" 

Bubcaniicl, s*i ‘'snbcanncl <oal" 

Coal gas, 14, 31, 227 
Coal oil, '207 
Coal shales, 20, oS, 1 'lO 
Coal tar, 22.'. 

blaBt-fiirnnce, >.«< " l.last-fnrna' c c.ial tar” 

coke-o\cn, ‘‘cokc-o\cn coal tar “ 

conipositon of, 3t. 3S, tO, It, 227, 21."», 24«> 

delndratioii of. 2 In 

disfo\cr\ of, 1.1 

distillation of, 2 10 

distilled "diMlillcd co,d f.ir" 

distingnisliing from od eax tai, 2n2 

for ‘•atnrating i>iir|) 0 !,c« 2M 

gas-works, •.<( ‘ gaH-work.s <od t ir" 

OMdiCliig of, 17 

oxidiicd, w( "oxidized lo.tl lai " 
prodni er-gas, S'l " pro<lu< er-gas foalt.ii" 
prodiii fioii of, 1 1. '22‘> 
prodnr Is 1 roin. lablc faung ‘2ln 
piopcrtics ol, 212, IS2 
n cogniiioii of, 21 *1 
rclincd, ■<<( ■ rcimed < oal tar" 
reliniiig of, 11, 2 1 7 
sr 1\ cuts from, I ' . in'., 100 
stills used for, 2 in 
Coal-tar creosote, vk "<reo.sote" 

Coal-tar distillate', K.l 
Coal-tar naphtha, sn "naphtha" 

Coal-tar pitch, 22.7 

blast-fiirnai'c, sn " blast-fnrnai e < oal-tar pit. Ii" 
blown, see "blown < oal-tar pitch” 
chsracteriBtirs of, 2.73 
classifii ation of, 27 

coke-oxen, stt "coke-oxen coal-tar pitch" 

cut-back, ste "cut-hack coal-tar pitch” 

discox'ery of, 13 

for batterv-carbons, 2ol 

for bri<i net ting, 2.71 

for clay pigeons, 2.71 

for electnc-light carbons, 2.71 

for joint fillers, 2.71 

for plastic compositions, 251 

for sand cores, 2.71 

for xxaferi>r<.ofing, 2.71, 442 

gas-works, ste "gas-works coal-tar pitrh" 

bard. 271 


I (’oal-tar pitch— Cow/i«Merf.' 

I medium, 251 

I i>ro»luccr-gas, "pnaiuccr-gs-s coal-tar pitch " 
properties of, 252, 341, 4S2 
soft, 2.71 

j straight-ruii, .«fr“BlraiKhl-riin coal-tar pitch" 
wafer-resistance of, 2.7.7, 429 
; weather resistance of, J.77, .141 
( oal-tar saturated lelt, 397, lift 
Coal-tar solxents, 15, lti.7, 4()b 
Coating compositions. 392, 437 
Coatings, .MC " liituiiiiiious matings" 

Coefhcient ot expansion, 241, 2.7'.l, 33li, 4S8 
('okc. 2(10. 212, 2.12, 209. '279, 'J.SJ 
C<>ke-oxeM coal tar. lOti, 225. 2.1.1 
clussdu ation of, 27 
l.iodiii lion of, 2,1.1 
propcrti.s of. 2f.l, 244, 215, 4S2 
Coke-oxen coal-tar |.ilch 
cl.'u.sihcation of. 27 
properties of. 252, 482 
Coke ox ens 
beehixe, 2;i3 
hoppers , 237 
< •tio-llollmnn, 23.*) 

.S-met-Silx MX , 23.7 
1 nited-dtto. ‘J.'ln 
Cokex int.li, 11.7 
Coking coal, <41. ‘22(> 

Colloi.lal < lax , .7.7, 1 1,1. .3.71, 3.71, 370, 479 
(‘olombia. glame pitch in, sk "glance pitch" 
C..|or 

in mass. |.S|. (.84 
ol r<i<ifiiig .780 
< ..bnado 

gilsoiiite. III, set "gilsonile" 
graliaiiiile in s/i ‘ graliamile" 
shale III, V,/ "shale" 

Combimtion partial, wc "pailial mmbiislion" 
t omplex mixliires. .1(7 
Compositions or (ompomids 

adhcsixc, st, " rnlhesix c comiiositiiiiiM" 
l.nllcr\-box, •<., ‘ baUctv-liox mmpniind" 
biliimiiioii', s</ "biliiimnoii' mmpo'itionH" 

<« iiK nl-w III rpriMiliiig, m, " i. m, | i-a.iii ipuMif- 
iiig conifMiiinds" 

chcniKul, st< "cbemical composition" 
coaling, sn " bit iimiiious i oaling • omp> sit mna" 
core, sn "core i'om|siunds" 
ele< trnul, Ml "eicctrnal insniating mm(Minnds" 
iiiHulating, set "elei Irii alinsnlutiiigmm|ionnd'" 
jiini tioii-liox. Sit " jurn tnui-box com|M>nnd ’ 
moulding, set " iiioulding (airniiositions" 
pipe-sealing, sn " pijH>-Healing enmisninds" 
jsit -head, SCI "pot-heiid corn|Hinnd'' 

KHturaling, see " bilutiiiiious Saturating com- 
positiona" 

xacuum, see " xaniuin-impregnaling eorn- 
jsiumlH" 

walerririHifiiig. Ml " walerproohng rompoiiiiijs" 
ComiKisitioii riKifitigs, see "roofinga" 

ComjiresHixe strength of bituminired aggregates, 
7.71 

Coiiipri-ssor ml, 208 

Coinreio, bitiiiiiinoim, se< "bitiimirioiis roncrete" 

( ondensed asphalt, st, "blown iretroleum 
asphalt " 

Comleiisers, 171 

air, SI I "air <oiideiisi*rs" 
primarx, m< "pniiiary condensem" 
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CoDdenSera — Conlin ued: 
secondary, see “secondary condensers" 
water, see “water condensorH" 

Condensing systeiii, 171 
Congo copal, 452, 463 
Confliflteucy test, 481, 494 
Consistency tester, 492, 494 
Consisto meter, 498 
Continuous distillation of; 
coal tar, 249 
fatty ucids, 319 
lignite ta^ 210 
petroleum, 273 
shale tar, 222 
Coorongite, 150 
Coorongitic shale, 164 , 221 
Core compounds, 454 

Cork, bituminated, see “bituminated cork 
mixtures’’ 

Corn oil, 463, 478 
refining of, 327 
Corn-oil-foots pitch, 317, 332 
Corn-oil pitch, 317, 327 
Cotton-oil pitch, 326 
Cotton pitch, 317, 326 
Cotton-sewl foots, 326 
« Cotton-8ec<l-foots pitch, 317, 332 
Cotton-seed oil, 463 
refining of, 325 

Cotton-seed-oil-foots pitch, 326 
Cotton-sce<l-oil pitch, 317, 326 
Cotton-seed stearin, 319 
Cotton-stearin pitch, 317, 326 
Course; 

base, sec “base course’’ 
bedding, see "bedding course’’ 
binder, see "binder course’’ 
foundation, see "foundation coursi*’’ 
intermodiato, see "intermediate course" 
surface, see "surface course" 
wearing, see "wearing course" 

Covering, bituminizod floor, sei " bitiiiiiiiiizcd 
floor covering" 

Cracked distillafc, 282 
Cracking, 56, 165, 173, 272, 282 
Cracking distillation, 272,282 
Cream-separator oil, 268 
Creosote or creosote oil 
from coni tar, 218, 379, 430 
from lignite tar, 208, 212, 214 
from |)eat tar, 2(KI, 201 
from wood tar, 189, 465 
Creosote pri’servatnes, 10, 379 
Crude scale wax, 308 
Crude wax, 308; 

Cuba: 

asphalts in, see "asphalt’’ 
discovery of asphalt in, 12 
grahamite in, see "grahamite" 

Cube method for fusing-point, see "fusing-point" 

Cushion, 373, :i80 

Cushion layer, 380 

Cut-back asphalt, 277, 358 

Cut-back coal-tar pitch, 251, 358 

Cyclic hydrocarbons, see "hydrocarbons" 

Cyclo-olefines, 37 

Cyclo-paraffines. 34 

Cylinder oil. 268 , 278 

Cylinder stock, 278, 280 

Cymogene, 267, 464 


/ ^ 

/ Damar, 452, 463 

/ Damp-proofing methods, 434 
I Damp-proofing paint, 434, 469 
Dead oil, 248 
Dead Sea : 

asphalt in, see "asphalt" 
glance pitch in, «ec "glance pitch’* 
Definition of; 
asphalt, see "asphalt” 
asphaltite, see "asphaltite” 
bitumen, see "bitumen" 
bituminous, see "bituminous” 
pitch, see "pitch" 
pyrobitumen, see "pyrobitumen” 
pyrogenoiis, sec "pyrogenous" 
tar, see "tar” 
wax, see "wax" 

Deflectors, 174, 178 
Degras, see "wool degras” 

Degras oil, 329 
Degras stearin, 329 
Dehydration of: 
asphalts, 68 
petroleum, 269 
tars, 180 

Density, see "specific gravity" 
Depolymerization, 56, 58, 313, 476; 
of albertitc, see "albcrtite” 
of elateritc, see "elaterite” 
of wurtzilite. see " wiirtzilite" 

Deposits of asphalt, sec "asphalt” 

Deposit: 

primary, sec "primary deposit" 
secondary, see "secondary deposit" 
Destructive distillation, 165, 167 
Diacetylenos, 34 
Dinzo reaction, 481, 519 
Dimethyl sulphate test, 538 
Dinitc, 59 

Diodorus Siculus on asphalt, 11 
Diolefines, 33 
Dioscorides on asphalt, 1 1 
Difipcl oil, 337 
Disintegrator, 178 
Distillate oil, 379 
Distillates. 

eoal-tar, see "coal-tar distillates" 
petroleum, see "petroleum distillates" 
pyrogenous, ste "pyrogenous distillates" 
Distillation. 

continuous, "continuous distillation" 

(leetruetivo, see "destructive distillation" 

dry, s<e " dc.structivo di.^t illation " 

of coal tar, 246 

of hardwood, 185 

of lignite tar, 210 

of ozokerite, 75 

of peat, 200 

of petroleum, 270, 

of rosin, 193 

of shale tar, 222 

of soft wood, 180 

of wood, 184 

fractional, see "fractional distillation" 
intermittent, see "intermittent distillation" 
steam, see "steam distillation" 
vacuum, see "vacuum distillation" 
Distillation olein, 321 
Distillation iteann, 321 
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Distillation test, 421, 520: 

Bask method, 520 
retort method, 522 
Distilled coal tar, 251 
Distilled -grease olein, 320 
Distortion under heat, 444, 556 
Dopplente, 59 

Dow ductility test, see "ductility teat" 

Dried paint films 
analysis of, 573 
Dryers, 463, 475 
Duhb’s asphalt, 209, 294 
Duck, 390, 509 
Ductility test, 481, 502, 

Durability of. 
paints, 582 
roofings. 408, 581 
Dust, see "fillers" 

Dust catchers. 238 
Dusting, 578 

Dust-laying oils, 268, 353 
Dust palliati\e8, 353 
Dust preventatives, 353 
Duxite, 59 
Dynamo oil, 208 
Dysodile, 59 

E 

Earth, fullers', see "fullers' earth" 

Earth wax, str ‘'mineral wax" 

Earthy peat, 198 

Eastern Siberia, asphalts in, ste "asphalts" 
Ebano, 289 

Egypt, glance pitch in, wr "glance pitch" 
Egyptians, use of asphalt li\, 5 
"Elastic bitumen," 13 
Elaterite, 1 19, 150. 482 
classification of, 20 
depoly merization ol, 50 
discos erv of. 13 

distinguishing characteristics of, 149, 482 
metamorphosis of, 50 
Elaterite in 

Asiatic Hussia, 150 
Australia, 150 
England, 1.50 

Electrual insulating conipniimls, 447. 448 
Electrical insulating japans, sn "japans" 
Electrical insulating tape, 439, 500 
Electrical insulation 

bituiniriizf (1 papers for, 438 
montan wax for, "montan wax" 

Electrical method for dehydrating petroleum, see 
"jiefroleum" 

Electrual precipitators, 171, 180 
Elecfric-light carbons. 451 
Elements in bituminous sul stances, 42 
Elliot closeil tester, see "flash iMunt" 

Elutnation test. 303, .541 
Emulsification, 351, 354, 459 
Emulsions, see " bituminous emulsions" 

Enamels, bituminous, set " bituminous eian.els" 
Engine distillate, 207 
Engine ml, 208 
England 

elaterite in, see "elaterite" 
hatchettite in, see "batchettite" 
pyrobituminouB shalea in, see "pyrobitumiooua 
ahalea" 


Etigler y iaeoaity, 491 
Enrirhing oil, 2.58 
Estorfiealion, 545 
Ester \alue, 544 
Eiiosinite, 59 

Europe, asphalts in, see "asphalt" 

E.\aporatioii of bituminous iimtenals, 675 
Exaininatioii of, sec "analysis of”, 
aggregates, ste "aggregates" 
broken slag, see "slag” 
broken stone, ste "stono" 
filler, see "filler" • 

sand, s<< "sand" 

Expansion, coefficient of, 244, 2.59. 330, 488 
Expansion joints, see "bituminous expanaioc 
joints" 

Export ml. 281 

Exposure test. .345, 577, .582 
I- xtraclion with sohents, of 
('ulifornia sand asphalt, 73 
I'xtraction uith water of 
Alberta asphaltic sand, 71, 72 
Alsace-Lorraine asphaltic limestone, 72 
Hastennes asphaltic limestone, 72 
.Mexican asphaltic sand. 71 
Oklahoma asphaltic sand, 71, 72, 99 
ozokerite. 72, 75 

.San \nlenlino asphaltic limestone, 72 
.SeysscI asphaltic limestone, 72 
'I'ataros asphaltic limestone, 72, 121 
Texas asphaltie lim<‘stotie, 72 
Extraelors. 72. 178, 180 


F 

I abries 

armored, see "armored bitiirniniied fabrics* 
HHliCHtos, Ste "asbestos felts” 
bituminicod, stt "bitiimiinzed fabries” 
felted, set "felted fabrics" 
flo(»ring, see "flooring fabrics" 
insulafing, set "insulating fafirics” 
roofing, see "roofing fabiu-s" 
sheathing, see "sheathing fabriis" 
waterproiifing, set "waterproofing fabrics" 
woM-n, see “woven fabrics" 
l astoning devices for roofings, 415 
I- at 

animal, see "animal fat" 
fione, see "fione fat " 
neutral, see "neutral fat" 

I at jiitch, 317 
Eats and mis 
hvdrolyxing of. .318 
refilling of, .317 

Fatty -acid jntfh, .317, .320, 341, 482- 
behavior on heating, 332 
rhuracteristuB of, 3.33 
classification of, 27 
coeffuient of expansion, 330 
distinguishing from asphalts, 3.30 
for baking japans, 332. 477, 478 
for varnishes, .33.3 
from bone-fat, .3.32, 335 
from eolion-seed-ml foots, 3.32, 335 
from corn-oil foots, 332, 335 
from garbage, 332, 335 
from lard, 332, 334 
from paeking-bouae refuM, 332, 336 
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Fatty-ii.cid pit* h- - Conlinufd: 
from palm oil, 
from tallow, 3.‘12, ^35 
from H(‘wuj<e, ;j;f2, H.'lo 
from wool-grcttsc, ;{32. .'turj 
properties of, 330, 333 
weatlier-resistum-e of, .332, 336, 341 
Fatty acids, 41, .')43, .'>44, 572: 

distillation of, 310 
Feld s>stciii of cooling, 240 
analysis of, .568 i 

Felt- . ' 

asbestos, xee "asbestos felt" 
asphalt-saturated, mi “usplialt-satiirated felt” 
ooal-tar-saturated, are " coal-tar-sutiiroted felt " 
mieroBCopic examinatioaof, 568 
rag. nee "rag felt” 
roofing, nee “ roofing felt ” 
slaters’, nee "slaters' felt” 
tarred, see " tarred felt" 

Felted fabric, 386 
Fibre slr”SH, ,554 
Fibres in felt: 568 
Filirous matter, 452, 564 
Fibrous peat, 108 
1‘ibroiis wax, 76 
Field elite, .50. 

Fillers. 346, 303, 402, 452. 463, 5.39: 
asphalt ie, nee " asiiliultie fillers " 
bituminous, see " bdiiniinuus fillers” 
examination of, ,541, .571 
incorporation of , .3.50 
joint, see "ioint fillers” 
mineral, ere " mineral fillers" 
pitch, nee "pitch filh-rs ' 

Filters, 174, 180 
Fish oil, 46.3, 478 
Fixed carbon. 481, 520 
Flash-point, 464, 481 , 517' 

Cleveland o|)en tester. 510 
I'illiot closed tester, 510 
N Y State closed tester, 510 
I’ensky-Murtens close*! tester, 517 
Mask method of distillntmii, ,mc "ilistillati**ii 
test" 

Fla\ius .hisephus, on asphalt, 11 
Float test, 403 

Flo*iring fabrics, nee "bitiiminize*! floor *'o\er- 
ings" 426' 
testing of, 560 

I'loor oil, 268 

Floors, asphalt mastic, nee "asphalt mastic” 
notation oils, ISO, 4.55 
notation process, 455 
Flowing temperature. 441. 516*1 
Flow point me "flowing temperature" 
nux, '268, 2,8.5, .34.3 
J’lttsburgh, nee "rdtsliurgh flux" 

3'eiitiira, nee "Ventura flux” 

I'lnxing, 330, .343 

Fluxing oil. 274 

Flux oil, 268, 282 

Foot paths, nee "asphalt tnastie" 

Foot pavements, see "asphalt mastic" 

Foots oil. 278, 270, .308 
Forrest’s hot extraction metlio*!, .5.57 
Fessil resins, .56, 463, 475,551, 572 
Foundation course of: 
asphalt block pavements, 373 
bituminous conerete, 362 


Foundation course of — Conlinued.' 
bituminous maeadam, 360 
sheet asphalt pavements, 367 
wood-bl*)ck pavements, 378 
Frai'tional cooling, nee "I'chl system” 

Fractional distillation, 270 

Fracture. 481, 485 

France, asphalts in, see "asphalt" 

Free acnls, .543 

Free *'arbon. .342. 481. .5,34, 575 
I Free mineral matter, sir "mineral matter" 

Fuel lignite, 204 

Fuel *.11,267,277, 278 , 279, 280, 281, 283. 4.54, 4M 
Fuel ratio, 60 

Fuels, bituminous, nee "bituminous fuels" 

Fullers’ earth, 278, 281. 308, .393 
Fullers’ grease, 329 
Fullers’-grease piti-li, .317, 329 
Fiisiiig-point, 481, 510 
ball and ring method, 513 
cube metlrnd, 515 
Kramer-Surm.w metliod, 610 

G 

(liilif'ia, *)Zokerite in, nir "ozokerite" 

(larliage grease, refining of, .’128 
Gaibage piteb, 317, 328. 332, .335 
Gas 

ItUu, nee " Blau gas" 

*'oaI, me "*’<ml gas” 
illuinniating, nie "illuminating gas" 
n arsli, .s*r " marsh gas” 

1 atiiial. set "natural gas” 
oil, me "*iil gas” 

*)il-water. net "oil-wider gas” 

Pintseli, nte "Piiitseh gas” 
water, .see "water gas” 

(Jus coal, 226 
(iiiH-enginc oil, 268 
Gas Iniuor, 232 

Gas oil, 17.5, 211. 21.1. 22;i, 2.57, 2.58, 267. 277 
278, 21'), 2.80. 281. 283. 464 
Gasoline. 267. 277. 278, 279. 280, 281, 283, 464 
G.i. pii ssiii.., 51 

Gas-woiks **ial tar, I6(i, 227, '242,482 
* lassiheafioii of, 27 
I'oelhcieiit of evpansion of, 244 
*'om|.osili*)ii *.f, 21 1, 21.5, '2.53 
*li.Ht illation ol, 246 
Iroiii liori/ontul leloils, 242 
from in* lined retorts, 242 
from \ ertieal retorts, 242 
properties of, 243, 482 
re<'overy of, 230 
refining of, 245 
separation of, 230 
.viebl of. 231 

Gas-works roal-tar pitch, 482' 
ehniacteristu's of, 253 
elassifu'ation of, 27 
properties of. 252, 482 
Gas-works retort, 227: 
continuously operating, 229 
horizontal, 227, 229 
inclined, 227, 229 
\erti*-u), 227, 229 
Geohigiral fiirmations, 46 
Geology of- 

asphaltites, see "osphaltitea” 
asphalts, see "asphalts” 
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Geology of — Continued’ 
bitumens, see "bitumens” 
coals, see "coals" 

mineral waxes, see "mineral waxes" 
non-asphaltic pyrobitumens, see "non-asphal- 
tic pyrobitumens" 
petroleum, see " petroleum” 
pyrobitumens, see " pyrobitumens " 
Geomyricite, 59 
Germany: ■ 

asphalts in, see "asphalt " 
pyrobituminous shales in, see "pyrobituminous 
shales" 

Gilsonite, 127, 482: 
chariictcristicsof, 128 
classification of, 2G 
discovery of, 17 
"firsts," 129 

for manufacturing paints, 12t», 471, 478 
mining methods, l.'l.'i 
mixtures with linseed oil, 471 
mixtures with residual oil, 1 29 
production in I' N , 94 
"seconds, " 129 
"selects," 129 
Gilsomtein 
Colorado, 127 
I’nited States, 130 
I'tah, 09, 127, 130 
Glance coal, 59 
Glance pitch, 133, 482, 
characteristics of, 127, 133 
classification of, 2ii 
for manufacturing varnishes, 135 
Glance jutch in 
Harbados, 134 
Colombia, 135 
Deaii Sea, 135 
Mexico, 134 
South America, 135 
Syria, 135 
\Ve.Ht Indies, 134 
Glvcenne, sn "glycerol" 

Glyci-rol, 4H1, 543, 649 
Goiulron, 317 
Grahumite, 130, 482: 
characteristics of, 127, 130 
classification of, 20 
discovery of, 16 
distillation of, 221 
fluxing of, 349 

mixtures with residual oil, 141, 147 
production in U S , 04 
Grahsmitc in: 

Colorado, 143 
Cuba, 144 
Mexico, 144 
Oklahoma, 140 
Texas, 139 
Trinidad, 146 
United States, 137 
West Virginia, 137 

Granularmetric analysis, see "mineral matter" 
Gravitation, 51 

Gravity, see "specific gravity" 

Grease: 

bone, see "bone grease” 
carcass-rendering, see "carcass-rendering 
grease" 


G rease — Can/i n ued • 
garbage, see "garbage grease" 
packing-house, "packing-house grease" 
refuse, see "refuse grease" 
sewage, see "sewage grease” 
wool, see "wool grease" 
yellow, set "yellow grease" 

Greece, asphalt in, sec "asphalt" 

"Greek fire,” 10 
Green oil, 222 

H 

Hair cracks, 580 
Hannibal on asphalt, lU 

Hanlenuig, sponlaneoiis, sei "spontaneoiis hsrd- 
enmg" 

Hardness scale, 495 
Hardness test, 481, 494 
Hard wax, 76 

llardwiMMl, dislillHfion of, sx "dii (illation" 
HiirdwiMid tar, 191, lh2 
charai (eristics of, 191 
clasMilication of, 27 
Hardwood-tar pit<h. 192, 482 
cliur.icteriBtics of, 192 
I iassiticofion of, 27 
Hart me, 59 
Hartilc, 59 
Harvester oil, 268 
Hatchettine, set " hatchottito" 

Hati hctiite, 15, 78 
Hutchettile in 
lingland, 79 
Scdlland, 79 
Hcad-bglit oil, 267 
IlMit, effect of, 52. 58 
Heating in flame, behavior on, >509 
Heat tests, IHl, 5(H», .5.55 
of bituminuisl falincs. .563 
Heavy iKctone oils, |S9, 4<>5 
Hcav V oils 

from <oal-(ar. (able facing 245 
from wood, 188 
Hcr<Mlotns on a^phal(. 8 
liighci sholiols, .543, 519 
Hill peat, 197 
Hiitpocrules on usplialt, 10 
Histornul review, 1 
llofinaiinite, .59 
Homogeneity test, 181, 4H1 
iloiuontal retort, 171, 227 
Huldiard Minsistencv tester, 492 
Hubbard pyen.imcter method, 489 
Hurdle scrubbers. 175 
Hutchison tar tester, 492 
Hydraulic main, 174, 230, 231, 260 
Hydrocarbons. 28, 543, 548 
Hcety Icnc scries, 33 
aliphatic, see "open chain" 
aromatic, see "cyclic" 
licnsenes, 38 
cyclic, 30. 34 
cyclo-olefines. 37 
diacetylene series, 34 
diolefinc series, 33 
naphthene scries, 34 
olefine senes, 32 
olefine-acetylene series, 33 
open chain, 29, 30 
paraffine series, 30 



SUBJECT INDEX 


598 ■' 


Hydropflrbonfl — Continued: 
polycyclic polymethylenes, 37 
polycyclic polynaphthenei, 38 
ring, 30, 34 
terpenes, 37 

Hydrogen, 28, 45, 481, 530 
Hydrolenc, 289 

Hydrolysis of oils and fats by: 
ferments, 324 
mixed process, 322 
sulpho-rorniKiunds, 322 
sulphuric acid, 321 
Twitchell's process, 323 
water, 318 

Hydrolysing fata and oils, 318 
Hydrometer method, 480 
Hydrostatic pressure, 51, 431 

I 

Ice-machine oil, 268 
Ichthyol, 121 

Identification of, see "analysis of" 

Illuminating gas' 
discovery of, 13 
enriching of, 231, 258 
manufacture of, 227, 254 
yield of. 232. 258 
Illuminating oil; 
from lignite tar, 213 
from petroleum, see "kerosene" 
from shale tar, 223 

Immersion test, see "absorption test" 

Impact test, 555 

Imports of asphalts into U. S., see “asphalts" 
Impregnating compounds, see " bituminous 
saturating compounds" 

Impsonite, 149, 150, 482; 
characteristics of, 149, 156 
classification of, 20 
metamorphosis of, 56 
Impsonite in; 

Arkansas, 157 
Nevada, 157 
Oklahoma, 157 
United .States, 157 
Inclined retort, 171, 227 
Indiana asphalts in, see "asphalts" 

Individual shingles, see "shingles" 

Inorganic theories, *ee "theories” 

Insulating; 

compounds, see "electrical insulating com- 
pounds" 
fabrics, 380. 560 
japans, see "japans" 
papers, 433, 4.38. 500 
tape, see "electrical insulating tape” 
Insulation; 

cold, see "insulating papers" 
cold-storage, see "insulating papers” 
electrical, see "electrical insulating com- 
pounds " 

heat, see "insulating papers" 

Integral waterproofing: 
compounds, 457 
method, 434, 457 
Intermediate course, 368 
Intermediate oil, 223, 267 
Intermittent diatillation processes, 210, 222, 247, 
270, 819 


Ionite, 59 
Iron pitch, 115 

Italy, asphalt in, see "asphalt" 

J 

Japan, asphalts in, see "asphalt" 

Japans, see "bituminous japans” 

Jelly, petroleum, see "petroleum jelly" 

Jet, 60 

Joadja shale, 164 
Joint filler, 382 

Joints, see “bituminous expansion joints": 

preformed, see "preformed joints" 
Junction-box compound, 450 

K 

Kabaite, 79 

Kapak,313 

Kauniazite, 203 

Kauri gum, 452, 463, 573 

Kauri varnish, 673 

Kentucky, asphalts in, see "asphalt" 

Kerosene, 267, 277, 278, 279, 280, 281, 282, 283, 
303, 464, 466 
Kerosene shales, 164 
Kettles, see "melting tanks" 

Kettle, varnish, see "varnish kettle” 

Killed foots, 326 
Kimmeruige shales, 103, 221 
Kindebal, 77 

Kirsohbraun adhesive test, see "adhesive test" 
Kdfiachite, 59 
Kontakt, 323 
Korite, 280 

Kramer-iSarnow method for fusing-point, see 
"fusing-point" 

L 

UaDrea asphalt, 89 
Lactones, 330, 331, 643 
Lactone value, 543 
Lake Aspimllitcs, 11, 12 
Lakes, 48 

I-ake, Trinidad, see "Trinidad Lake asphalt" 
Laminated roofings, see "roofings laminated" 
Lamp oil, 267 

I,and asphalt, see "Trinidad land asphalt" 

Lard oil, 463 

Laying roofings, sec "roofings” 
l,aying shingles, see "Bhingles" 

Lep, 77 

Leather, bituminated, see "bituminated leather 
mixtures" 

Leucopetrin, 59 
Leucopetrite, 69 
Libollite, 156 

Libermann-.Storch reaction, 481, 651 
Light acetone oils, 180, 465 
Light oil: 

from coal tar, table facing 245, 246, 248 
from wood, 188 
Light petroleum, 267 
Lignite, 59, 01, 204: 
bituminous, see "bituminous lignite" 
briquetting of, 205, 209 
classification of, 26 
distillation of, 211 
fuel, see "fuel lignite" 
metamorphosis of, 58 69 
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Don>bituminou«. lee *' non-bituminoua ligoite" 
properties of, 482 
retort, m "retort liKnite’* 
volatile matter in, 168 
Lignite elialee, <^8, 159 
Lignite tar, 166, 203. 
rlaMiiGcatioA.of, 27 
composition of, 41 
discovery of, 14 
properties of, 2U9, 482 
refining of, 210 
Lignite-tar pitch, 203, 341: 
characUTiHtica of, 214, 550 , 

classification of, 27 
properties of. 21.'), 482 
weather-rcaistarice of, .341 
Lignitic ahalea, 26, 159, 161, 164 
Ligroin, 267 

Limestone, asphaltic, ttt "asphaltic liine8to..ci" 
Liminer asphalt, 13, 1 19 
Linseeil, oil, 463, 471, 47.'>, 17,S 
Liquid paraffine, 269 

Livingston process for refining petroleum, 274 

Lobsann asphalt, 118 

Lothian shale, 163 , 221 

Louisiana, asphalt in, see "asphalt" 

Lubricating oil; 
from lignite-tar, 21 1 
from peat-tar. 201 

from petroleum. 268 , 277 , 278, 270, 280. 281. 
283,303 

from ebale tar, 223 
Luatre, 481, 485 

>I 

Macadam, tef "bituminous macadam" 

Machine oil, 268 

Magma oil, 329 

Maltha, 25 

Malthenes, 527 

Manila copal, 452, 463 

Manjak, 63. 134, 146 

Manufactured products, testing of. 552 

Maracaibo asphalt, 89 

Marble wax, 76 

Marco Polo on asphalt, 12 

Marcus Vitruvius on asphalt, 11 

Marsh gas, 31, 53 

Masonry paints, 469 

Mastic, asphalt, Jict "asphalt mustic" 

Matka. 77 

Mechanical analysis of aggregates, me "mineral 
aggregate" 

Mechanical scrubbers, 174, 177 
Melanchyme, 50 
MelUte, 59 

Melting, behavior on, 509 
Melting point, 510 
m also "fusing-point" 

Melting tanks, 69 

Membrane waterproofing, 428, 434, 560 
Mesopotamia, asphalts in, let " asphalt" 
Metamorphosis of, 

anthracite coal, see "anthracite coal" 
aaphalt, m "asphalt" 

asphaltic pyrobitumen, see "asphaltic pyro- 
bitumen” 

asphaltic pyrobituminous shales, see "aspbsUic 
pyrobituminous shales" 


Metamorphosis of — ConHnutid: 
aaphaltit<«, see " asphalt itea" 
bituhiinoiiB coal, see " bituminous coal" 

. bitumens. »tf "bitumens" 

. coal shales, see" n>al shales" 
elst erit e. e " elaterit e " 
im|)s<>nite. see "iinpsonitc" 
lignite, see "lignite" 
lignite shales, see " lignite shahes " 
mineral waxra, mr" mineral a axes" 
peal, see "peat" 

osokente, see "osoke.rite" • 

wiirtiilile, see " wurtxilile" * 

Methodsof examination, see "nnal:iab'' 

Mexico 

asphalt in, see "asphsit " 
glance pitch in, see " glance pilch'' 
grahamitc in, see "grahainitn" 

Microscopic examination of 
bituminous siibstaiicea, 484 
fil»ri*8, .56K 
iiiiiierHl matter, .539 
Midille oil, table facing 24.5, 246, 248 
Miiidlctunite. .59 
Middlings, 267 

Mill, paint, s«e "paint grinding null" 

Mineral aggregate 

bitunnnized, s<r "biUiminixeil mineral aggro* 0 
gate” 

examination of, .539, 5,59 
granularmctric auiil>sis of, .Vi9, .5.59 
of aaphalt mastic, 377 
of bituniiiiotia concrete pavements, 362 
of bituminous mneadam, 360 
of bituminous surfncings, 3,58 
of sheet asphalt paiemenla, .3<'i9 
separation from bituininutis nmtter, 557 
Mineral colza oil, 268 
Mineral lillc-rs, .393. 43<1. 5.39 
Mineral matter, 4H1, 5.38: 
admixed, .393, .567 
chemical anulyais of, 5‘39 
Combined with non-nuueral coiiHlituenlH, 539 
granularmetnc analyam of, ,5.t9, ,5,59 
microac'opic oxnininatioii of. 5.19 
sc'paration from biluminoua mailer, ,557 
sjs'eifie graMty of, see '‘a)a*citic gravity" 
Burfaciiigs of, see "surfucings" 
uneombtned, .5,19 
Mineral oil, sc* "petroleum" 

Mineral seal oil, 26H 

Mineral ai>erni oil, 268 

.Mineral surfacinga, sc# "aiirfac mgs" 

Mineral waxes, 74, .'107, ;i40, 482: 
behnMor on heating, 58 
rlaasifiention of, 26 
roni|M>siUon of, 32 
definition of, 23 
geology of, 46 

inctaiiiorphosia of, 56, 56, 57 
properluw of, 22 
solubility of, 467 

Missouri, asphalts in, tee "asphalts" 

Mixed-base petroleum, see "petroleum" 

Mixers, 350, 372 

Mixtures of bituminous sulistaiires; 
binary, see "binary mixtures" 
complex, see "complex mixtures" 
tertiary, see "tertiary mixturca" 

Mob’s hardness scale, 495 
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Moisture, m "water" 

Moisture, effect on: 
bitiiminjzed fabrics, 438,' 503 
hituminized mineral aKSregates, 552 
bituininized substances, 57b 
Montan wax, 79, Ibl, 205, 207 
classification of, 20 
for electrical insulation, 81 
in Haxony, 80 
properties of, 540, 482 
weather-resistance of, 340 
Moulding ctAnpositions, 452 
Muckite, 59 
Mullen strength of: 
burlap or duck, 609 
felt, 390, 509 
paper, 430, 438 

Multiple shingle strip, ace “shingle strip" 
Mummies, 5, 11, 12 

N 

Naphtha from; 

coal tar, table facing 246, 248, 105, 400 
lignite tar, 211, 213 
peat tar, 201 

petroleum, 207, 277, 279,280,281, 282.303, 101 
shale tar, 222, 223, 

Naphtha, solubility m 88® petroleum, "icc “solu- 
bility’’ 

Naphtha, solvent, y(c“Bohont naphtha’’ 
Naphtha, V, M (St P , sre '' V M A I* naphtha” 
Naphthalene, 10, 109, 227, 231, 215, 248, 481, 535 
Naphthenes, 34 
Native asphalts' 
behavior on heating, 58 
classification of, 20 
composition of, 43 

distinguishing from residual asphalts, 298, 515 
impure, 92 

metamorphosis of, 55, 57 
priKluetion m U S , ti4 
properties ol, 340, 482 
pure, 82 

weather-resistance of, 340 
Native mineral waxes, st-r "mineral waxes” 
Natural asphalts, "natuc asphalts” 

Natural gas, 25, 31 
Nebuchadnezzar on asphalt, 7 
Noerlle penetrometer, see "penetrometer” 
Neft-gil, 59 

Neuehatel asphalt, 13, 14, 118 
Neudorfite, 59 
Natural fats, 541 
Neutral oil, 208 

Nevada, impsonite in see "impsonite” 

New York, discovery of bitiiniinous matter m, 
.see "bituminous matter” 

New York State flash-iKunt tester, w "flash- 
point" 

Nigeria, asphalts m, see "asphalts” 

Nigrite, 155 

Nitrogen, 42, 232, 481, 533 
Nitrogenous bodies, 42 
Nomenclature, see "terminology” 

Non-asphaltic petroleum, see "petroleum" 
Non-asphaltic pyrobitumens: 
classification of, 26 
composition of, 41, 43 
definition of, 24 
geology of, 46 


I Non-asphaitic pyrobitumens — Continued: 

I heating of, 58 
' metamorphosis of, 58 
origin of, 58 
properties of, 22 
veins of, 50 

Non-asphaltic pyrobituminous shales, 158, 1.59, 
482 

Non-bituminous lignite, 204 
Non-mineral matter insoluble in carbon disul- 
phide, 526 

North Amoriea, asphalt in, sec "asphalt” 

“ Number" of: 
burlap, 390 
iluck, 390 
felt, 389, 569 
paper, 436 

O 

< (bispo, 289 

Odor on heating, 481, 509 
Oil or oils. 

acetone, see "acetone oils” 
animal, see "animal oils" 
bone, see “ bone oil" 
crooBofc, see “eroosote oil” 
degras, sie "degras oil" 

Dippel, see “ Dippcl oil" 

dust-laying, see “bituminous diisl-laying oils” 

export, see "export oil" 

flotation, see “flotation oils” 

gas, sie "gas oil" 

illuminating, see "illuminating oil” 

magma, see “magma oil" 

palm, see “palm oil" 

pine, see “ pine oil” 

residual, see "residual oils" 

rosin, see “rosin oil” 

seek, s(e "sock oil" 

shale, see "shale tar" 

vegctalile, sie "vegetulile oils” 

wool, see "wool oil" 

Oil-bearing shales, see "shales" 

Oil-forimng shales, see "shales" 

Oil gas, 259 

Oil-gas tar, 166, 173, 259; 
elassifieation of, 27 
distinguishing from coal tar, 262 
jiroperties of, 262, 482 
refining of, 2ti3 
Oil-gas-tar pitch, 263: 
classification of, 27 

distinguishing from eoul-far pitch, 264 
properties of, 263, 311, 482, 
weather-resistance of, 3f 1 
Oihte, 162 

"Oil shales,” 154, 158 
see also "pyrobituminous shales" 

Oil-water gas, 260 
Oily const itueuts, 547 
Oklahoma; 

asphalts in, se,s "asphalt” 
grahamite in, see "grahamito" 
impsonite, in, see “impsonite" 

Oklahoma asphalts: 
blown, see “blown Oklahoma asphalts" 
extraction of, see "extraction with water" 
for paving purposes, sec "paving” 
Olcfinaectylencs, 33 
Olefines, 32 
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Oleo-resin, 193 
Once-run oil, 222 
Open binder, 368 

Open-chain hydrocarbons, see "hydrocarbons” 
Orchard hcatmR oil, 280 
Orchard oil, 268 
Orepuki shale, 164, 221 
Origin of the expression: 
asphalt, 1 
bitumen, t 

Ornamental roofings, see "roofings" 

Osborne adhesive test, see "adhesive test" 

Oven for volatility test, 517 
Oxidation of bituminous materials, .'>75 
Oxidized asphalt, see "blown petroleum asphalt" 
Oxidized coal tar, 17. 2r).'j, 2S7 
Oxidized iictroleum asphalt, see “ blown petroleum 
asphalt ’’ 

Oxygen, 44, 4S1, 534 
Oxygenated bodies, 41 

Oxygenated asphalt, see "blown jietroleuni as- 
phalt" 

Ozokerite, 32, 74 • 
classification of, 26 
discovery of, l.'i 
distillation of, 75 
extraction with water, 72, 75 
metamorphosis of, 56 
properties of, 75, 77, 340, 482 
weather-resistance of, 340 
Ozokerite in: 

Galicia, 76 
Hiimania, 77 
Russia, 77 
Texas, 7S 
Tinted States, 77 
Utah, 66, 77 

P 

Packages, roofing see "roofing packages" 
Packing-house giease, 327 
Packing-house pitch, 317, 332, 335 
Paints 

air-drjing, see "air-drying paints" 
analysis of, see "analysis” 
analysis of dried films, see "analysis" 
bituminous, see "bituminous paints" 
damp-proofing, see "damp-proofing paint" 
for masonry, 469 
for metal, 472 
for roofings, 470 
for wood, 472 
grinding, mill for, 469 
use by Romans, 12 
use of gilsonile in, see "gilsonite" 
use of shale-tar pitch in, 224 
weathering of, see “weathering tests” 
Palliatives, dust, see "dust palliatives” 

Palm oil, 319, 320 
Palm-Oil pitch, 317, 332, 335 
Paper or papers, 436- 

electrical insulating, see "electrical insulation” 
insulating, see “in<>ulating papers" 
sheathing, see "sheathing papers" 
ParaflinaceouB mass, 211, 212, .307 
Paraffinaceous petroleum, see "non-asphaltio 
petroleum" 

Paraffine, see "paraffine wax " 

Paraffine distillate, 280, 282 


Paraffine flux, 268 

Paraffine, liquid, see "liquid paraffine” 

Paraffine oil, 211, 213; 214, 268 
Paraffines, see "hydroearlwiis" 

Paraffine, solid, see "solid paraffines" 

Paraffine scale, 268 
Paraffine wax. 
classification of, 27 
composition of, 32 
discovery of, 15 

from lignite tar, 208 , 210, 211, 214, 307 
from peat tar, 201, .307 * 

from petroleum, 208, 278, 279, 281, 283, 307 
from shale tiir, 223, 307 
origin of name, 15 
properties of, .309, 482 
weather-resistance of, 310, 340 
Parohte, 289 
Parrot coal, 160 
Partial combustion, 165, 172 
Particles, sue of, 363, 369, 399, 540 
Pavements, 352 

asphalt block, see "asphalt block pavements" 
asphalt mastic, see "asphalt-mastic foot pave- 
ments” 

bituminous concrete, see " biluniinous concrete 
pavements" 

first asphalt block, 7 * 

first use 111 London, 15 
first use in Pans, 16 
first use in United States, 16, 17 
sheet asphalt, see "shet't asphalt pavements" 
stone-filled sheet asphalt, see "stone-hlled sheet 
asphalt " 

wood-block, see “wood-bloek luivcmeiils" 
Paving blocks, see "asphalt block paveiiiciils" 
Paving materials, bituminous, see "bituiaiooua 
paving materials" 

Peat,. 59, 61, 197' 
bottom, sec “bottom peat" 
briquetting of, 199 
classification of, 26 
dehydrating of, 199 
distillation of, 2(X) 
earthy, set "earthy iieat” 
fibrous, see "fibrous peat" 
metamorphosis of, 58, 59 
pitchv, see "pitchy iieut” 
pro|)ertic8 of, 482 
turfy, see "turfy peat" 
volatile matter in, 168 
I'eat tar. 27, 166, 197, 202, 482 
Peat-tar pitch, 27, 197, 201, 203, 341, 482 
Penetration test, 49-5 
I’enetrometer, 495 

Pensky-Martens closed flash-point tester, iss 
* flash-piiint ” 

Pcnlla oil, 463 

Persia, asphalt in, see "asphalt" 

Persians, use of asphalt, by 4 
Petrol, 267 
Petrolatum. 269, 437 
I'etroleiies. 527 
Petroleum 

asphaltic, 20.' 37. 265 

brightening of distillates, see "brightening" 
classification of, 26 
composition of, 32, 38, 42, 43 
continuous distillation of, 273, 274 
cracking of, 272 
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Petroleum— Continued: 
definition of, 23 
dehydration of, 269, 270 
destructive distillation of, 272 
dry distillation of, 272, 279, 282 
fractional distillation of, 272 
geology of, 46 
heating of, 68 

heating under pressure, 269 
intermittent distillation, 270 
niixed-b^p, 26, 37, 58, 265 
non-asphaltic, 26, 32, 58, 265 
paraffinaceous, «re “non-asphaltic" 
products obtained from, 200 
properties of, 22, 340, 482 
refining of, 270 
settling of, 269 

stearn-distillation of asphaltic, 272, 277, 278 
steam-distillation of mixed-base, 278, 280 ^ 
steam-distillation of non-asphaltic, 27S, 280 
steaming of distillates, aee "steaihing" 
straight-distillatiun of, 272 
topping process of refining, see "topping proc- 
ess" 

tower system of distilling, 273 
varieties of, 265 
« weather-resistance of, 340 
Petroleum asphalts, 265- 
blown, sec “blown petroleum asphalt" 
composition of, 32 
production of in U S , 64 
refineries in U. H. producing, 260 
Petroleum distillates, 267 
Petroleum ether, 267 
Petroleum jelly, 2(i9 
Petroleum residues, 268: 

composition of, 41 
Petroleum solvents, 464 
Petroleum spirits, 267, 464 
Petroleum springs, 48 
Petroleum tailings, 268 
Phenols, 41, 201, 214, 222, 226, 245, 248, 550 
Philippines, asphalt in, acc ‘‘asphalt" 

Physical characteristics of bituminous materials, 
480 

Physical tests of bituminised fabrics, 560 
Phytocollite, 59 
Phytosteryl, 549 
Pianxite, 59 

Pigments, .303, 453, 463, 477, .539, 571 

Pine oil, 190, 465 

Pine tar, 27, 190, 191, 482 

Pine-tar pitch, 192, 482 

Pinoline, 194 

Pintsch gas, 259 

Pipe-dips, 224, 445 

Pipe-sealing compounds, 445, 447 

Pissasphaltum, 11 

Pitch: 

blast-furnace coal-tar, see “blast-furnace-coal- 
tar pitch" 

bone-fat, see “bone-fat pitch" 
bone-tar, see “bone-tar pitch" 

Burgundy, see “Burgundy pitch” 
cable, see “cable pitch" 
candle, sec “candle pitch" 
cheese, see “cheese pitch" 
cholesterol, see “cholesterol pitch” 
classification of, 27 
coking, see “coking pitch” 


Pitch-Continued: 

coke-oven coal-tar, see “coke-oven coal-tar 
pitch” 

composition of, 41, 42, 43, 44 
corn-oil, see “corn-oil pitch" 
corn-oil-foots, see “eorn-oil-foots pitch” 
cotton, see "cotton pitch" 
cotton-oil, see “cotton-oil pitch" 
cotton-seed-foots, see “ cotton-sced-foots pitch” 
cotton-seed-oil, see “ cotton-seed-oil pitch ” 
cotton-stearin, see “cotton-stearin pitch” 
definition of, 24 
fat, see “fat pitch” 
fatty-acid, see “fatty-acid pitch” 
fuller’s-grcase, see “fuller’s-grcase pitch" 
garbage, see “garbage pitch" 
gas-works coal-tar, see “gas-works coal-tar 
pitch" 

glance, see “glance pitch” 
hardwood-tar, see “hardwood-tar pitch” 
iron, see “iron pitch" 
lignit(‘-tar, see “lignite-tar pitch" 
oil-gas-tar, see “oil-gas-tar pitch” 
packing-house, see “packing-house pitch” 
palm-oil, see “palm-oil pitch” 
peat-tar, see “peat-tar pitch" 
pine-tar, see “pine-tar pitch" 
producer-gas coal-tar, see “producer-gas coal- 
tar pitch" 
properties of, 22 
rosin, see “rosin pitch" 
scek-oil, see “scck-oil pitch" 
sewage, see “sewage pitch" 
shale-tar, see “shale tar pitch" 
stearin, s(e “steurm pitch" 
stcurin-wool, see “stearin-wool pitch" 

Vosges, set “Vosges pitch” 
water-gas-tar, s<e “water-gas-tar pitch” 
wood-tar, see “wood-tar pitch” 
wool, ste “wool pitch” 
wool-fat, see “wool-fat pitch” 
wool-grease, see “wool-grease pitch” 
wurtzilite, see “wurtzilite pitch" 

Pitch coal, 50, 85 
Pitch filh'rs, 382 

Pitch l,ake, see “Trinidad Lake" 

Pitch still, 320 
Pitchy peat, 198 
Pittsburgh flux, 269, 295 
Plastic compositions, 251, 442, 473 
Pliability of roofing, .560, .580 
Pliability ttait, 444, 560 
Pliny the Elder on asphalts, 12 
Plutarch on asphalts, 1 1 
Polycyclic, see “hydrocarbons” 

Polymerization of bituminous substances, 66, 576 

Pontianak copal, 463 

Poole, subterranean, 48 

Portugal, asphalt in, see “asphalt” 

I*ot-head compound, 450 
Power distillate, 268 

Precipitators, electrical, see “electrical precipi- 
tator” 

Preformed joints, 453 
Preformed washers, 453 
Preniouldcd strips, 383 
Prepared roofings, see “roofings” 

Preservatives: 

creosote, see “creosote preservatives” 
wood, se* “wood preservatives" _j 



SUBJECT INDEX 


603 


Pressed oil, 307 

Preventativcs, dust, tee “dust prevenUtives" 
Primary condensers, 230 
Primary deposit, 50 
Producer: 

Fairbanks- Morse, 241 
Korting, 201 
Loomis-Pettibone, 241 
Mond, 242 
types of, 239 
Westinghouse, 242 
Producer gas, 172, 209 

Producer-gas coal tar, 27, 100, 239, 242, 243, 
482 

Producer-gas coal-tar pitoh, 27, 252, 482 
Production of: 
asphalt, lire "asphalt” 

asphaltic pyrobitumens, are "asphaltic pyro- 
bitumens" 

asphaltites, see " asphnltites ” 
clatcrite, eee "elafcntc" 
gilsonite, see "gilsonitc” 
grahamaite, sec grahurnite" 

Purifiers, 231 

Pycnometer method for speeifie-grav ity, 488 
Pyridine, 42, 200, 220, 230, 245 
Pyrobitumen: 

asphaltic, see " asphalt. e pyrobitumens” 

associated minerals, 47 

classification of, 20 

composition of, 42, 43 

definition of, 21 

geology of, 40 

non-asphaltic, see "non-asphaltic pyrobitumen” 
occurrence of, 47 
origin of, 40 
properties of, 21 

Pyrobiturninous shales, 155, 158 
Pyrobituminous shales in. 

Australia, 104 
Austria, 104 
Brazil, 103 
California, 101 
Canada, 102 
Colorado, 101, 221 
Kngland, 163 
Germany, 104 
Kentucky, 101 
Missouri, 161 
Montana, 161 
Nevada, 161 
Scotland, 163 
Spam, 164 

United States, 161, 221 
Utah, 161, 221 
Virginia, 101 
Wyoming, 161, 221 
Pyrogenous, definition of, 21 
Pyrogenous asphalts, 27, 340 
Pyrogenous distillates, 27. 340 
Pyrogenous residues, 27, 340 
Pyrogenous waxes- 
classification of, 27 
proiierties of, 340 
Pyropissite, 73, 79, 160, 205, 221: 

in Saxony, 79, 205 
Pyropissitic shales, 164 
Pyroretin, 59 

Q 

Quinoline, 42, 226, 236, 245 


r‘ 

Rag felt. 389 

Ragusa asphalt, 123 

Rain scrubbers, 175 

Raleigh, Sir Walter, on asphalt, 12 

Ready roofings, are "roofings” 

Red oil, 211, 212 

Refikite, 59 

Refined coal tar, 251 

Refined cylinder oil, 281 

Refined paraffine wax, 208, 309 • 

Refined scale wax, .309 
Refineil tar, table facing 245 
Refined wax, 281 
Refining of: 

bone grease, see "bone grease" 
carcass-rendering grease, see "carcass-render- 
ing grease” 

‘coal lar, see "coal far” 
corn oil, see "corn oil " 
cottonseed oil, see "cottonseed oil" 
fats and oils, see "fats and oils" 
garbage grease, see "garbage grease" 
lignite tar, see "lignite tar" 
packing-house grease, see "packing-house 
grease” 

Iietroleum, tee "petroleum” 
refuse greases, see "refuse greases” 
seuage grease, tee "sewage grease” 
shale tar, see "shale tar" 
vegetable oils, are "vegetable oils” 
water-gas tar, ter "water-gas tar" 
wooleii-mill waste, ere "woolen-mill waste” 
Refractnc index, .537 
Refuse greasos, refining of, 327 
Reservoirs, subterranean, 48 
Residual asphalt. 208, 2^7, 278, 280, 295: 
California grades, 299 
carelessly prcpareil, 290 
( lassificalion of, 27 
composition of, 43 
distinguishing characteristics, 297 
different lating from native asphalts, 208, 546 
from asphaltic petroleum, .301 
from mixed-base jietroloum, 300 
properties of, 297, .341, 482 
weather resistance of, .302, 341 
Residual oil, 208, 274, 277, 282, 283: 
classification of, 27 
composition of, 43 
from asphaltic petroleum, 283, 286 
from mixed-base petroleum, 284, 286 
from non-asphaltic petroleum, 284, 286 
mixtures with gilsonite, 129 
mixtures with grahamite, 141, 147, .546 
liropert’.cs of, 285, 340, 482 
weather-resistance of, 285, .340 
Residual pitch, aee "residual asphalt” 

Residue, sulphonation, aee "sulphonation 
residue" 

Residues, petroleum, ace "petroleum residues” 
Residues, pyrogenous, aee "pyrogenous residues” 
Residuum. 279, 282, 283 
Resin acids, 41, 643, 544 
Resins, 452, 463, 573: 
asphaltic, aee "asphaltic resins” 
fossil, aee "fossil resins" 

Ketinasphaltum, 59 
Ketinite, 69 
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Retort.' 

coMtruction of, 170 
Del Monte, 219 

gas-works, see "gas-works retort" 

Henderson, 219 

horiiontal, «ee "horiaontal retort" 
inclin'd, ite "inclined retort" 

Pumpherton, 217 
Rolle, 200 
rosin, 193 
shale, 216 ^ 

vertical, see "vertical retort" 

Young & Fyfe, 218 
Retort lignite, 204 

Retort method of distillation, sec "distillation 
test" 

Retort tar, 188 

Rhigolene, 267, 404 

Rhodesia, asphalt in, .see "asphalt" 

Road binders, 2.51, 268 

Road oil, 268, 274, 280, 283, 285 

Rochlederite, 59 

Rock asphalt, 16, i?3, 26, 9.5, 99 

Rocks, impregnated, 48 

Roll roofing, see "roofing" 

Romans, use of asphalt paints by, 12 
j|j(oofing or roofings, 386: 
analysis of, 504 
bnilt-np, 419 
color of, 580 
discovery of, 14 
fastening devices for, 415 
laminated, 408 
laying, 418 

midtiple-layered, see “laminated” 
ornamontal, 410 

pliability of, sec "pliability test" 
production of, 425 
single-layered, 398 

tensile-strength of, sec " tensile strength” 
testing of, 560 
types of, 560 
weathering tests of, 57? 

Roofing cleats, 410 
Roofing fabrics, .380 
Roofing felt, 387 
Roofing packages, 417 
Roofing shingles, nee "shingles" 

Rosin, 193, 341, 452, 463, 551, 573 

Rosin esters, 403, 475 

Rosin oils, 190, 194, 405, 551 . 

Rosin pitch, 27, 193, 195, 341, 482 
Rosin spirits, 190, 194, 195, 405 
Rosin varnish, 573 
Rubber, 448, 452 

Rubber substitutes, see "bituminous rubber sub- 
stitutes" 

Rumania, ozokerite in, see "ozokerite" 

Russia: _ 

asphalt in, see "asphalt" 
ozokerite in, see "ozokerite" 

S 

Sand, 363, 401, 540 
Sandarac, 463 

Saponifiable constitiients, 481, 542 
Saponifiable matter, 542, 547 
Saponification olein, 320 
Saponification stearin, 320 
SaponificRtion value, .544 


Sareo, 289 

Saturated hydrocarbona, 30, 481, 537 
Saturating eompositiona, see "bifuminoua Batu« 
rating compositions" 

Saturator, 404: 

asphalt, see "asphalt saturator" 
tar, 'cc "tar saturator" 

Saxony: 

montan wax in, sec "montan wax" 
pyropissite in, see "pyropissite" 

Scale wax, 268, 278, 279, 309: 
refined, see “refined scale wax" 
yellow crude, see "yellow crude scale wax" 
Schcererite, 15, 79: 

in Switzerland, 79 
Schlcretiriite, 59 
Schutto consistency tester, 494 
Scotland: 

hatchettite in, sec " hatchettite" 
pyrobituminous shales in, see " pyrobituminous 
shales” 

Scrubbers; 

baffle, see "baffle scrubbers” 
centrifugal, see "ecntrifiigal scrubbers" 
hurdle, see "hiirtlle scrubbers" 
meehanieal, see " niechaniciil scrubbers" 
rain, .see "ram scrubbers” 
static, see "static scrubbers" 

Seal-coat, 269, 357, 367 
Secondary condenser, 231 
Secondary deposit, 50 
Seconds, gilsonite, see "gilsonite" 

Sedimentation, 70 
Seek oil, 329 
Seek-oil pitch, 329 
Seepages, 48 

"Selects," gilsonite, »ee "giisonite" 
Semi-bituminous eoal, 60 
Semi-pyrobituniens, 161 
Scmi-pyrobituniinous shales, 161 
Settling tanks, 181 
Sewage grease, refining cl, 328 
Sewage pitch, 317, 332 
Sewage sludge, 328 
Seysstd asphalt, 13, 15, 116 
Shale, see "pyrobituminous shale"' 

Shale oil, see "shale tar" 

Shales: 

Albert, see "Albert shales" 
albertite, see "albcrtite shales ’’ 

Arcadian, ste " \rcadian shales" 
asphalt-bearing, 1.58 
asphaltic, see " asphaltic shales” 
asphaltic pyrobituminous, ee( "asiihaltic pyro- 
bituminoiis shales ” 

bituminous coal, see "bitun inoiiscncl shales" 

caniiel coal, .see “ can nel-coal shales ” 

coal, see "coal shales" 

coorongitic, see "coorongitic shales” 

distillation of, 216 

joadja, see "joadja shales" 

kerosene, see "kerosene shales" 

Kinimeridge, see " Kiitimeridge shales” 
lignite, see "lignite shales" 
lignitic, see "lignitic shales" 

Lothian, see "Lothian shales” 
noii-asphaltic, see "non-asphallie pyrobitumi- 
iious shales” 
oil, see "oil shales” 
od-bearing, 158 
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Shales — Continued.' 
oil-forxning, 158 
Orepuki, see "Orepuki shales" 
pyrobitummouB, see "pyrobituimmnis shales" 
pyropissitic, .w '‘pyropissitie shules" 
semi-pyrobituiniiious, s<e "semi-pyrobitumi- 
noiis shales" 

stellarite, «(f "sU'llanlc shales" 
wurtzilitc, (ife "wurtzilifce shales" 

Shale tar, IbO, 216, 220; 
flassifieation of, 27 
discovery of, 13 
properties of, 221, 482 
refining of, 222 
Shale-tar pitch, 216: 
classiHcution of, 27 
discovery of, 13 
properties of, 221 
Shea butter, 319, 320 
Sheathing fabrics, 3.S6 
Sheathing papcis, 433, 560 
Sheet asphalt pa\enients, 367 
Sheet roofings, stc "rouhngs” 

Sherwood oil, 2t»7 
Shingles 
indnidtial, 412 
laying, 41 S 
prepared-roofing, 412 
strip, 414 
wide-spaced, 414 
Shoe hlleiH, 451 

Sicil>, asphalt in, see "asphalt” 

Sicburgifc, 59 
Sieves, 510, 559 
Signal oil, 267 
Sitosteryl, 549 
Slack wax, 27S, 279, 307 
Slag, exainination of liroken, 540 
Slaters’ felt, 397 
"Slime, " 6, 13 
Sludge, 278, 279, 374 
sewage, see "sewage sludge" 

Sludge asphalt , 2()9, 278, 279, 303 
classification of, 27 
composition of , 13 
distinguishing cluiracleiislics of, 305 
properties of, 304, 311, 482 
weather-resistance ol, .106, 341 
Smudge oil, 2t)8, 280 
Soap stock, 31.S 
S () binder, 2S9 
.Softening point, 550 
Solid paraffines, 31, 32, 4SI, 536 
Solubility 111 
acetone, 193, 528 
benzol, 57, 79, 528 
benzol and tidiiol, 528, 531 
carbon disulphide, 524 
carbon tetrachloride, 526 
petroleum naphtha (88" Ilf- ), 527 
various solvents, 528 
.Solubility test, 481, 524 
Solvent naphtha, table faeing 24(», 218, 165 
Solvents, 464- 
ehemical, 460 
coal-tar, 15, 404 
evaporation of, 406 
examination of, 570 
flash-point of, 404, 405, 400 
from wood, 405 


.^ol viyit 3 — Con/i n ued : 

petroleum, see "petroleum aolvcnta" 

.8ommcr hydrometer, 489 
.8011 th Ameriea: 
asphalt in, see "asphalt" 
glance pitch in, «#■ "glanee pitch" 

So\a-bean oil, 463, 478 
Spain, asphalt 111, sie "ns(ihnlt " 

P> robituimnous shales in, mi robituniinout 

shales" 

.8| eciliealioiiH for. 

.isdialt for waterproofing, 413 • 

asphalt mastic floors, :i75 
ii.sphalt-siiturated felt, 129 
bitulilhic pasenientH, -c) "lutiilitliio spceiiica- 
tioiis” 

bitunimoiis I'xpansion joints, 381 

bitiiimiious \ai'ntshes, 170 

eoal-tai pitch for waterproofing, 112 

eonl-tai saturated felt, 429 

creosote priming coat, 430 

creosote jiresen a1i\e for wood blocks, 379 

insulating tape, 1 10 

roofing left, 3!t0 

roofings, 121 

Topeka paxemeiils, wc "Topeka speeifieations" 
wooden |>in mg blocks, 378 
Specific giavilv lest, 181, 180,541. 
forlulumuious mattci, I80 
for mi 'cral aggregates, 511 
Spindle oil, 208 

Spirits, pi'll oleum, '■<< " petrideum siuiils" 

Spirits, rosm, see "losin spiiils” 

.8pontaneous hardening, 576 

Springs, 8, 18 

Static scrubbers, 171, 175 

Steam distillation, 210, 222, 21ii, 272, 319 

Ste.immg ot pelioleum pioducts, 278 

Stem III, degiiis, sci "degias sttarin" 

.8fi-iiim pitch, 317 
SIcjii Ill-wool |iit< li, 317 
Stelhiile, 1.55, 221 
.8 !(H,u,(i- shaic.s, 102 
Siills loi 

coiil-far, 247 
fatly ai ids, 319 
lignite, 21 1 
petioleuiii, 270 
rosm, 193 
shale tar, 222 
wurtzilite, 313 
Still grease, 223 
Still wax, 310 

.Stock, caudle, see "candle stock” 

Stoik, s'lai), see "soap stock” 

.Stockholm tar, 19t) 

.Stoiu', examination of broken, 510. 

wax, see " wax-stone" 

.Stone-filled siHHit-asphult pavement, .302 
Slov e oil, 207 
Stralio on asphalt, 1 1 
Stiaight-iiin asphalt, 277 
Stiaiglit-niri coal-tar pitch, 251 
Straw oil, 208 

.Streak on porcelain, 481, 185 
.Strength 

compressive, tsr “< oinpreasive strength" 
IVfiillen, Hii' " .Mullen strenglh" 
of burial) or duck, 509 
of felt, 390, .5<)9 
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Strength — Continued: 
of paper, 436, 438 
of roofing, 562 

tensile, see "tensile strength" 
transverse, see "transverse strength” 

Strength factor, 390, 436, 569 
Strips: 

premoulded, see "premoulded strips” 
shingle, see "shingle strips” 

Subcannel coal, 60 

Substitutes, rubber, see "bituminous rubber sub- 
stitutes”. 

Suction producer, 240 
Sulphonation residue, 21, 481, 537 
Sulphur, 43, 481, 532 
Sulphurated bodies, 42 
Sulphurised asphalt, 269, 294 
Sumerians, use of asphalt by, 1 
Surface aged indoors, 481, 485 
Surface course, 361, 368, 372 
Surface mixtures, 357, 361, 366, 368 
Surfacings: 

bituminous, sec "bituminous surfacings” 
of mineral matter, 394, 569, 578 
of vegetable matter, 395 
Susceptibility factor, 481, 501 
Sweater, 307 

Sweating process, 278, 307 
Switzerland: 

asphalt in, see "asphalt” 
schcererite, in, see "scheererite” 

Syria: 

asphalt in, see "asphalt” 
glance pitch in, see "glance pitch" 

T 

Tabbyite, 83 

Tacitus on asphalt, 11 

Tailings, VNux, see "wax tailings” 

Tallow, 319, 320 

Tape, see "electrical insulating tape” 

Tar. 

boiled, see "boiled tai ” 

blast-furnace, ste "blast-furnace coal tar” 

bone, see "bone tai ” 

browncoal, see "lignite tar” 

candle, see "candle tar” 

classification of, 27 

coal, set; "coal tar” 

coke-oven, see "coke-oven coal tar” 

composition of, 41, 42, 43, 44 

definition of, 24 

dehydration, of, 180 

distillation of, see "distillation” 

effect of temperature on, 168 

gas-works, «cc “gas-works coal tar" 

hardwood, see "hardwood tar" 

heating of, 181, 182 

lignite, see “lignite tar” 

oil-gas, see "oil-gas tar” 

oxidized, see "oxidized coal tar" 

peat, see "peat tar” 

pine, see "pine tar" 

producer-gas, see "producer-gas coal tar" 

production of, 165 

properties of, 22, 340, 482 

retort, see "retort tar” 

separation of, 174 

shale, see "shale tar” 


Tar — Continued: 

Stockholm, see "Stockholm tar” 
water-gas, see "water-gas tar” 
weather-resistance of, 340 
wood, see "wood tar” 

Tar acids, 244, 245, 536 
Tar extractors, 180, 230, 231 
Tar filter, 180 
Tar fog, 171 
Tarred felt, 397, 429 
Tar saturator, 396 
Tar tester, 492 
Tasmanite, 156 
Tataros asphalt, 72, 121 
Temperature scales, 587 
Tensile strength: 
of bituminized aggregates, 553 
of biturninizcd fabrics, 438, 440, 562 
of bituminized substances, 481, 505 
of roofings, 562, 580 
Tenso meter, 505 
Terminology, see "definition” 

Terpeties, 33, 37 
Tertiary mixtures, 347 

Testing of, see "analysis," also "examination”: 
manufactured products, 552 
raw materials, 480 
Tests, 481 
Texaco, 289 
Texas: 

asphalt in, see "asphalt" 
grahamitc in, .set "grahamite” 
ozokerite in, see "ozokerite" 

Theories 
animal, 54 
inorganic 52 
vegetable, 53 

Thermometer scales, see "temperature scales” 
Thickness factor of felt, .509 
Thickness of- 

bituminized fabrics, .562 
felt, 390, .569 
paper, 436 
roofing, 562 

Tiles, asphalt, set “n.splialt tiles” 

Toluol, .39, 465, 46(). .528, .534 
Topeka specifications, .9)4 
Topping process for petroleum, 274 
Torbanehill mineial, 100 
Torbanite, 160, 221 

Total bitumen, see "solubility in carbon disul- 
phiile" 

erroneous use of expression, 21 
Tower system of distilling, see "petroleum” 
Transformer oil, 268 

Transverse strength of bituminized aggregates, 
5.54 

Trinidad: 

asphalt in, see "asphalt" 
grahamite in, see "grahamite” 

Trinidad asphalt, 108- 
composition of, 112 
discovery of, 12 

first use for paving purposes, 17 
production of, 115 
refining of, 113 
Trinidad lake, 12, 48, 108 
Trinidad lake asphalt, 108 
Trinidad land asphalt, 115 
Trinkeritc, 59 
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Turpentine, 186, 189, 194, 465, 466: 

wood, see “wood turpentine” 

Turpentine substitute, 267, 464, 466 
Turfy peat, 198 
Twitchell process, 323 
Twitchell reagent, 323 

U 

Uintaite, see “gilsonite” 

Ultimate analysis, see "analysis” 

Uncombined mineral matter, “mineral matter” 
Underwriters’ I.aboratories, Inc , 421 
United States, 
albertitc in, see “albertitc” 
asphalt oonsumeil in, 07 
asphalt exported from, 66 
asphalt importe<i into, 66 
asphalt in, see “asphalt” 
bitumjnized matter discovered in, 16 
first pavement in, see “piuement" 
gilsonite in, see “gilsonite” 
grahamito in, srr "graharnite” 
impsonitc in, see “inipsonite" 
ozokerite in, see “ozokerite” 
production of asphalt in, see “asphalt “ 
pyrobituminous shales in, see “pyrobituminoua 
shales” 

wurtzihte in, aee “wiirtzilite” 

Unsapomfiable matter, 481, 647 
Utah 

albertite in, see “albertitc” 
asphalt in, see “asphalt” 
gilsonite in, see “gilsonite” 
ozokerite in, see “ozokerite” 
pyrobituminous shales in, see "pyrobituminous 
shales” 

wurtzihte in, see “ w'urtzilite” 

V 

Vacuum distillation, 210, 240, 273, 320 
Vacuum impregnating compounds, 149 
Val de Travers asphalt, 13, 10, 17, 118 
Varnish kettle, 408 I 

Varnishes- 

air-drying, see “air-drying \artiiHheB” 
baking, see “baking varnishes” 
bituminous, see “bituminous vainishes” 

Vaseline, 211, 260 
Vegetable fats, 317 

Vegetable matter, surfaeings of, s/e "surfacmgs” 

Vegetable oils, 317, 326 

Vegetable oils and fats, 341, 640 

Vegetable theories, see "theories, M'getalile” 

Vegetable waxes, 640 

Veins, 60 

Venezuela, asphalt in, see “asphalt” 

Venezuela lake, 48, 80 
Ventura flux, 209 
Vertical retrirt, 170, 227 
Viscosity teat, 481, 401 
V. M & P naphtha, 207. 281, 404 
Voids, 303 

Volatile matter, see “volatility test” 

Volatility test, 481, 616a 
Vosges pitch, 106 

W 

Walchowite, 59 

Wall-board, see "bituminizcd wall-board” 


Warrenile, 365 
Washers, see "serubbenj” 

Washers, preformeel, see “preformed wuhen** 
Water, 41; 

determination of in felt, 389, 481, 529 
Water condensers, 174 
Water-gas, 173, 250, 257 
Water-gas tar, 166, 173- 
classification of, 27 
coeffieient of expansion, 269 
property of, 259, 482 
refining of, 263 * 

Water-ps-tar pitch, 263: 
classification of, 27 

distinguishing from coal-tar pitch, 264 
properties of, 263, 264, 341, 482 
weather-resistance of, 341 
Waterproofing 
asphalt for, see “asphalt” 
coal-tar pitch for, see “coal-tar pitch” 
integral, see “integral waterproofing” 
membrane, see "membrane waterproofing” 
WaferprcMifing eumpoiinds for- 
cenienf-inorfar, 434, 467 
concrete, 434, 467 
Waterproofing fabrics, 38(5 
Waterproofing methods, 434 
Wax: 

animal, see “animal wax” 
blower, see "blower wax” 

I crude scale, see '‘crude scale wax” 
fibrous, see "fibrous wax” 
hard, see "hard wax” 
marble, see “marble wax” 
mineral, see "mineral wax” 
moiitan, see "montan wax" 
paraffine, see “paraffine wax” 
liyrogenous, see "pyrogenous waxes” 
refined, see “refined wax" 
refmeil paraffine, see “refined jiaraffint wax” 
refined scale, see “refined scale wax" 
still, see "still wax ” 

Aegetable, see “vegetable waxes” 
white scale, sec “white scale wax” 
wool, see “wool wax” 

yellow crude scale, see "yellow crude scale wax” 
Wax-stone, 76 
Wax tailings, 268, 279, 310: 
classification of, 27 
properties of, 311, .340, 482 
use n.s flux, 311, 343 
use in paints, 312 
weather-resistance of, 311, 340 
yield of, 282 

Wearing course, 308, 372 
Weathering tests, 674: 
of bituminize<l fabrics, 677 
of bituminous painia, 582 
Weight of bitumiiiized fabric, 562 
Weiss’ specific gravity method, 400 
West Africa, albertite in, see, “albertite” 

West Indies, glance pitch in, see "glance pitch” 
Westphal balance, 487 

West Virginia, graharnite in, see “graharnite” 

Wheelerite, 59 

White oil, 267 

White scale wax, 281 

Wide-gpaeed shingles, see “shingles” 

Wood 

distillAtioQ of, 185 
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Wood — CofUinutd: 
pretervatioo of, 378, 456 
varieties of, 185 
Wood block pavements, 378 
Wood oils, 185, 465 
Wood preservation, 16, 378, 456 
Wood tar, 166, 184; 
classification of, 27 
earliest reference to, 13 
properties of, 191, 482 
Wood-tar pitch, 184, 188, 191: 
classification of, 27 
properties of, 192, 215, 341, 482 
weather-resistance of, 193, 341 
Wood turpentine, 190; 
destructively distilled, 465 
stcain-distillcd, 465 
Wool doRras, 329 

Woolen mill waste, refininR of, 328 

Wool-fat pitch, 317, 329 

Wool Rrease, 317, 329, 341 

Wool-Rrcasc pitch, 317, 332 335, 336 

Wool oil, 329 

Wool pitch, 317, 329 

Wool wax, :129 

Woven fahiics, 390 

Wiirtzilite, 150. 

* characteristics of, 149, 151 


Wurtsili te— Conffnwsd; 
classification of, 26 
depoly tneriiation of, 56, 313 
discovery of, 17 
in U. 8., 160 
in Utah, 150 
metamorphosis of, 56 
properties of, 482 
production of, 64 
Wurtzilito asphalt, 313: 
classification of, 27 
distiiiRiiishiriR characteristics of, 315 
properties of 314, 341, 482 
use in paints, 316 
weather-resistance of, 316, 341 
Wurtzilite pitch, see "wurtizlitc asphalt” 
Wiirtzilite shales, 159 

Wyoming, pyrobitiiminoiis shales in, see "pyro- 
bituniinous shales” 


Xenophon on asphalt, 9 
Xylol, 39, 4(15, 466 


Y 

Yellow ennlc seiilc wax 281 
Yellow grease, 327 
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CONSISTOMETER 


CONSISTOMETER 

Test 9f, p. 499. Used for 
ascertaininR the hardness or 
consistency of l)ituininous sui> 
stances. Scientifically con- 
structed, yet simple to op(‘rate. 
The personal equation elimi- 
nated. Results are expressed 
in C. G. S. units and rec(u-ded 
on a single hardness scale. 
The range of u.sefulne.ss is 
peater than with any other 
instrument. 

TENSOMETER 

Tests 106 and 11, p. 503. 
Used for a.scertainitjg the duc- 
tility as well jis tlie tensile 
strength (cementitiousne.ss) in 
one opera! ion. Furni.shed with 
an improved type of mould of 
circular eross-s(‘ction . I'lasy to 
fill and safe to handle, without 
disturbing the specimen. Pro- 
vides for shrinkage as the sub- 
stance cools. 
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Makers of High Grade Laboratory Apparatus; 
Including the Following Types, Especially 
Adapted for Road-Biiilding Laboratories, etc. 


New York Testing Laboratory Penetrometers; Standard 


and Miniature Forms see p. 495* 

Viscosimeter for Float Test see p. 493* 

Asphalt Flow-PIatcs and Moulds 

Dow Ductility Moulds . . . • . . . . see p. 502* 

Smith Ductility Machines see p. 503* 

Ball and Ring Fusing-Point Tester ... sec p. 513* 
N. Y. T. L. Hot Extraction Apparatus . . see p. 558* 


Samplers for Creosote Oil, etc., adopted by Soc. Am. IFway 
Engineers 

Vicat Needle for Testing Portland Cement 
Briquette Moulds for Portland Cement 

Standard Testing Sieves see p, 540* 

Sieve Agitators for Hand, Belt or Electric Power, see p. 559* 
Screens for Broken Stone or Broken Slag— Revolving and 

Flat Types see p. 540* 

Experimental Work, etc. 

*Page Numbers Refer to the Text in ^‘Asphalts and Allied Substances’’ 
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Catalogue 302FA Describes Our Line of Laboratory Testing Apparatus. 
It is Free for the Asking. Send Us Your Inquiries 
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1197-1211 De KALB AVENUE 
BROOKLYN, N. Y. 
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The Adopted Standard of the United States Oovernment, the 
Freight Classification Committees and the General Paper QVade. 
Registers the breaking strength in actual pounds pi‘r squares inch, 
not in a mere arbitrary scale. 

Especially suited for the following purposes, as descrilxid through- 
out the text of ‘‘Asphalts and Allied Substances 

Testing Raw Paper p. 436 

Testing Insulating and Sheathing Paficrs p. 438 

Testing Dry Roofing Felt pp. 390 and 569 

, Testing Burlap and Duck p. 569 

Send for Catalogue and Referencee 

B. F. PERKINS & SON, Inc. 

Sole Manufacturer* 

HOLYOKE, MASS. 
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